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Preface 

Response to publ i c  comments on the Draft Env i ronmental Impact Statement 
( E IS ) and d i scu s s i ons w i th the Nati onal Park Serv i ce ,  Fri ends of the Desert , 
and the Southern Ari zona Water Resources Assoc i ation have resu l ted i n  the 
dec i s i on to i ncl ude an add i ti onal a l ternat i ve i n  the F i na l  E I S . Th i s  
al ternat i ve i s  cal l ed the Sanders-San Joaq u i n  Mod if i cat ion Pl an . D i scu s s i ons 
rel at i ve to th i s  a l ternat ive have been i ncorporated throughout the Fi nal E I S .  

The F i na l  E I S  al so refl ects refinements i n  eng i neeri ng and des i gn for the 
proposed acti on , the Wes t S i de Pl an .  These refi nements i nc l ude : 

Construction of a s i ng l e s i phon from the northeast  s i de of 
1 - 10 , cros s i ng the Santa Cruz  R iver and dayl i ght i ng on the 
southwes t  s i de of the r iver ,  a d i s tance of about 8 , 700 feet ; 

Del etion of the ta l l s urge tan ks at Brawl ey ,  B l ack Mounta i n ,  
Snyder H i l l , and San Xav i er Pump i ng Pl ants ; a i r chambers wi l l  
be used for s urge protecti on ;  

S l i ght  mod if i cati ons of the aqueduct a l i nement on the San 
Xav i er Ind ian Reservation and the pi pel i ne to the Tucson Water 
storage s i te ;  and 

A more spec if ic  termi nus l ocati on . The proposed p l an i s  to 
l ocate the regu l ati ng reservoi r just  southwest of Bl ack  
Mounta i n  and the aqueduct termi nus at the south boundary of the 
San Xav i er Ind i an Reservat ion , w i th a turnout on the south s i de 
of P ima Road . I n  add i t ion , th i s  port i on of the aqueduct wi l l  
be pl aced i n  p i pe rather than open canal  i n  order to reduce the 
potent ia l  for water po l l ut ion probl ems from the mi ne ta i l i ngs 
or in the event of fa i l u re of the d i kes at the mi ne . 

I n  response to publ i c  concern expressed regard ing  the esthetics  of the 
aqueduct and i ts as soci ated features , add i ti onal  envi ronmenta l commi tments 
have been made regard i ng revegetation and l andscap i n g .  
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2. 
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NOTES 
On April lB, 1977 the Administration recommended 

that the Central Arizona Project be modified 

to eliminate ORME, HOOKER, and CHARLESTON 
DAMS. Some alternatives have been selected 

and as of the d ate of this printing, no 

Congressional action has been taken to 

deauthorize these features. 

Alternatives to ORME DAM. 

Alternative to HOOKER DAM under study. 
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SUMMARY 
TUCSON AQUEDUCT - PHASE B 

A .  Pu rpose and Need 

Th i s  envi ronmental  i mpact statement ( E I S )  descri bes the proposed 
construction , operat ion , and ma i ntenance of the Phase B porti on of the Tucson 
Aqueduct , an authori zed feature of the Central Ari zona Project ( CAP ) . Phase A 
of the Tucson Aqueduct extends from the end of the Sa It-Gi  1 a Aqueduct i n  
centra l  P i na l  County to the v i c i n i ty of R i l l i to ,  Ar i zona , i n  northern P ima 
County .  Phase B wou l d  convey water about 45 mi l es from the terminus  of Phase 
A to Tucson Metropol i tan Area and to the south boundary of the San Xav ier 
Indian  Reservation . 

Ground water prov i des a l most the ent i re water supp ly  ava i l ab l e  i n  
the Tucson Aqueduct serv i ce area . Over much o f  the Phase B serv i ce area , use 
of ground water in  excess  of natu ra l recharge has cau sed ground water l evel 
decl i nes of over 200 feet , wi th decl i nes of over 450 feet i n  some l ocat i ons  
(Ar i zona Water Corrm i s s i on (AWC ) 1978 ) . Decl i n i ng ground water l evel s have 
cau sed pump i ng costs to i ncrease substant i a l ly , and as the aqu ifers are 
dewatered , the bas i n ' s  l and su rface subs i des and su rface fi ssures  occur at the 
bas i n  ma rg i ns , caus i ng damage to agri cu l tural fac i l i t i es , roads , uti l i t i es and 
structu res . . 

B .  A l ternat ives El imi nated 

Al ternat i ves cons i dered but e l imi nated i nc l uded other sources of 
import supply ( San Pedro R iver ,  G i l a  R i ver ) , water conservati on , and vari ous 
a l i nement a l ternat i ves from the termi nus  of the Phase A Aqueduct . 
Ul t imately f ive a l ternat i ve routes were sel ected for di sp l ay i n  the E I S ,  a l ong 
wi th the a l ternat ive of " no Federa l act ion" . 

C .  Al ternati ves 

Each of the f ive acti on a l ternat i ves beg i n  at the term i nu s  of the 
Tucson Aqueduct Phase A, and termi nate at the South boundary of the San Xav ier  
Indi an Reservati on . Fou r of the a l ternat i ves are l ocated on the west  s i de of 
the Tucson Mountai ns , and one on the east s i de of the Tucson Mounta i n s .  
Summaries of phys i cal  characteri sti cs and p l an costs are shown i n  Tab l es 1 and 
2 respecti ve ly .  

1 .  Agency Proposed Act i on (West S i de Pl an)  

Th i s  a l ternati ve ,  l ocated primari ly  west of the Tucson 
Mounta i ns , is 47 . 4  mi l es l ong , w i th 28 . 0  m i l es of concrete l i ned cana l , 19 . 4  
mi l es of pi pel i ne ,  and s i x  pump i ng p l ants . The sys tem wou l d  del i ver an 
average annual vol ume of 16 1 , 900 acre-feet of CAP water and wou l d requ i re 174 
g i gawatt hours of e l ectri c i ty .  A power transmi s s i on l i ne of approximately 33 
mi l es wou l d be requ i red . 

The proposed acti on i nc l udes overchutes and cu l ve rts to provi de 
aqueduct cross-dra i nage protecti on and mi t i gate adverse impacts on l ocal  
su rface dra i nages ; h i ghway and county bri dges to mi n im i ze travel d i s ru pt i on ;  
fenc i ng and escape l adders for human safety ; and wi l d l i fe cros s i ngs , wateri ng 
s i tes , wi l dl i fe fenc i ng , and torto i se barr iers to mi ti gate adverse impacts on 



Table 1 
. SUlllllary Alternative Plans - phys1ca1 Characteristics 

Tucson Aqueduct - Phase B 
Central Arizona Project 

Sanders-
Sandario- San Joaquin 

Conve�ance Facilities (Mil es l West Side San Joaguin Sandario Modification East Side 

Main Agueduct 
Canal 28.0 4.8 16.9 19.2 6.6 
Pipe 19.4 39.8 27.9 28.0 30.2 

Subtotal u:4 WoO � � !O" 
Indian De1iver� Line 

Canal a a a a a 
Pipe 2.4 3.0 2.4 2.4 9.5 

Subtotal D n D D n 
Avra va11e� De1iver� Line 

Canal a a a a 13.5 
Pipe a 3.8 3.8 0.5 4.2 

Subtotal � n n n 11.7 

Total 49.8 51.4 51.0 50.1 64.0 

6 5 5 5 5 a a a a a a a a a 2 
---0 --;- --;- --;- --., 

Right-of-Wa� {Acresl 
�lain Agueduct 

Canal 1922 513 1310 1624 593 
Pipe 235 482 338 339 366 

Subtotal 2157 995 1648 1963 """'959 
Indian De1iver� Line 

Canal a a a a a 
Pipe 30 35 30 55 115 

Subtotal j1J j5' j1J '55' m 
Avra Va11e� De1ive� Line 

Canal a a a a 720 
Pipe a 35 30 6 55 

Subtotal � � � 0- m 
Total 2187 1065 1708 2024 1849 

Power Transmission Line (miles) 33 33 33 34 32 

Power Reguirements 
Ratn Aaueduct 

Loa (RW) 53 67 63 59 59 
Energy (GWH) 174 220 204 193 197 

Indian De1iver� Line 
Load (RW) a a a a a 
Energy (GWH) a a a a 0 

Avra va11� De1iver� Line 
Load ( ) a a a a 1.0 
Energy (GWH) a a a a 1.2 

Total 
--Load (MW) 53 67 63 59 60 

Energy (GHW) 174 220 204 193 197 

11 The "No Federal Action" alternative describes the most probable actions that would be taken 
by Tucson Metropolitan area users to obtain CAP water in the absence of Federal funding. 
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Table 2 1/ SUMMARY ALTERNATIVE PLANS REGIONAL COST-
TUCSON AQUEDUCT - PHASE B 

CENTRAL ARIZONA PROJECT 
(All Costs are in Thousands of Dollars) 

(January 1985 Price Levels) 

Sanders-
Sanda rio- San Joaquin 

West Side San Joaguin Sandario Modification 

Aqueduct 213,813 252,813 225,248 231,829 
Indian Delivery Line 1,064 1.344 1,064 1.064 
Avra Valley Delive� Line 0 2.814 2,814 645 

TOTAL FIELD COST 214.877 256.971 229,126 233.538 
Noncontract (25%) 53 .719 64.243 57.281 58.384 

TOTAL CONSTRUCTION COST 268.596 321,214 286,407 291,922 
Interest During ConstrucJjon f! 52.186 61,594 55,503 56.062 
Mitigation - Biological - 4,169 900 3,755 1,175 

- Cultural 4/ Resource - 1 ,000 1.000 1,000 1.000 

TOTAL CAPITAL COST 325.951 384.708 346.665 350.159 

OH&R 
Aqueduct 1.934 1.523 1.712 1.717 
Indian Delivery Line 41 53 41 41 
Avra Valley Delivery Line 0 19 19 1 

jner�y 
que uct 6.700 8,454 7,830 7.407 

Indian Delivery Line 0 0 0 0 
Avra Valley Delivery Line 0 0 0 __ 0 

TOTAL OM&R COST 8.675 10.048 9.603 9,167 

ANNUAL §9UIVALENT OF CAPITAL 
COST - 24.870 29.353 26.450 26.717 

TOTAL OM&R COST 8.675 10.048 9.603 9.167 
DAMAGES PAID TO THE 

PAPAGO TRIBE 0 0 0 ---2. 
TOTAL ANNUAL COST 33.545 39.401 36.053 35.884 

Y Labels used in this table relate to function and not to funding responsibility. 
non-federal and federal expenditures. 

No Federal 
East Side Action 

218,677 134,113 
8.696 0 

26,395 0 

253.768 134.113 
63.442 33,528 

317,209 . 167,641 
60.889 32.316 

1.208 885 

1.000 1.000 

380 .306 201.842 

1,431 782 
41 0 

391 0 

7.569 4.082 
0 0 

26 0 

9.459 4,864 

29.017 15.400 
9,459 4,864 

__ 0 20.040 

38.476 40.305 

Regional cost includes both 

y Interest during construction is based on a 5-year construction period and an interest rate of 7.625 percent. 

� Estimated mitigation expenditures (mitigation has not been finalized). 

11 Estimated mitigation expenditures. Maximum mitigation expenditure can be up to 1 percent of total construction 
costs. 

§} Formulated based on lOO-year project life and an interest rate of 7.625 percent. 
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wi l d l i fe .  The p l an a l so i nc l udes an undevel oped wi l d l i fe corri dor i n  Avra 
Val l ey and revegetat i on of d i stu rbed areas . 

2 .  Sandari o - San Joaqu i n  P l an 

Th i s  a l ternati ve ,  wh i ch max imi zes use of buri ed p i pe l i ne ,  i s  
l ocated primari ly  west of the Tucson Mounta i ns and i s  44 . 6  mi l es l ong , w i th 
4 . 8  mi l es of concrete l i ned cana l and 39 . 8  mi l es of concrete p i pel i ne .  The 
aqueduct has f i ve pump i ng pl ants , wou l d  del i ver an average annual vol ume of 
16 1 ,900 acre feet of water ,  and wou l d  requ i re 220 g i gawatt hours of 
e l ectri c i ty .  A power transmi ss i on l i ne of approxi mately 33 mi l es wou l d  be 
requ i red . 

The a l ternati ve i nc l udes overchutes and cu l verts , h i ghway and 
county bri dges ; fenc i  ng and escape 1 adders for h uman safety ; and wi 1 dl i fe 
cros s i ngs , wateri ng s i tes , and wi l d l i fe fenc i n g .  The pl an a l so i nc l udes the 
revegetati on of d i sturbed areas and rare p l ant l and acqu i s i ti o n .  

3 .  Sandario  P l an 

Th i s  a l ternat i ve ,  l ocated primari ly  west of the Tucson 
Mounta i ns , i s  44 .8  mi l es l ong , wi th 16 . 9  mi l es of concrete l i ned canal and 
2 7 . 9  mi l es of concrete p i pel i ne ,  and f i ve pump i ng p l ants . The system wou l d  
del i ver an average annual vol ume of 16 1 , 900 acre feet of water and requ i re 204 
g i gawatt hours of e l ectri c i ty .  A power transmi s s i on l i ne of approxi mately 33 
mi l es wou l d  be requ i red . 

The acti on i nc l udes overchutes and cu l verts ; h i ghway and county 
br idges ; fenci ng and escape l adders for h uman safety ; and wi l d l i fe cros s i ngs , 
wateri ng s i tes , wi l d l i fe fenc i ng ,  and torto i se barriers , and revegetati on of 
d i stu rbed areas . Th i s  pl an a l so i nc l udes an undevel oped wi l d l i fe corridor i n  
the Avra Va 1 1  ey . 

4 .  Sanders - San Joaqu i n  Mod i f i cati on P l an 

Th i s  a l ternati ve ,  l ocated primari ly  west  of the Tucson 
Mounta i ns , i s  47 . 2  mi l es l ong , wi th 19 . 2  mi l es of concrete l i ned cana l and 
28 . 0  mi l es of concrete p i pel i ne .  The aqueduct , wi th f ive pump i ng  pl ants , 
wou l d  del i ver an average annual vol ume of 16 1 ,900 acre feet of water and wou l d  
requ i re 193 g i gawatt hours of el ectri c i ty .  A power transmi s s i on l i ne of 
approx imate ly  34 mi l es wou l d  be requ i red . 

The a l ternat i ve i nc l "udes overchutes and cu l verts , h i ghway and 
county bri dges ; fenci ng and escape l adders for human safety ; and wi l dl i fe 
cros s i ngs , wateri ng s i tes , and wi l dl i fe fenc i ng .  The p l an a l so i nc l udes the 
revegetati on of d i sturbed areas and rare pl ant l and acqu i s i t i o� .  

5 .  Ea st  S i de P l an 

The East S i de P l an ,  l ocated primari ly  east of the Tucson 
Mounta i ns , i s  36 . 8  mi l es long , wi th 6 . 6  mi l es of concrete l i ned canal and 30 . 2  
mi l es of concrete p i pel i ne .  The aqueduct , wi th f i ve pump i ng p l ants , wou l d  
del i ver an average annual vol ume of 161 ,900 acre feet of water and wou l d 
requ i re 197 g i gawatt hours of e l ectri c i ty .  A power transmi s s i on line of 
approx imate ly  32 mi l es wou l d  be requ i red . 
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The al ternat i ve i nc l  udes overchu tes and cu l  verts ; h i  ghway and 
county bri dges ; fenci ng and escape l adders for human safety ; and wi l d l i fe 
cros s i ngs , wateri ng s i tes , wi l d l i fe fenc i ng , revegetat ion of d i stu rbed areas , 
and rare pl ant l and acqu i s i ti on .  

6 .  No Federa l Act ion 

The "No Federal Act i on "  a l ternat i ve i s  defi ned to mean that no 
Federa l fundi ng wou l d  be used to accompl i s h system construct ion . The CAP 
aqueduct wou l d  end w i th the compl eti on of the Tucson Aqueduct - Phase A. An 
aqueduct system wou l d  be constructed by pri vate ent i t i es from th i s  poi nt to 
the Tucson Metropo l i tan area . Th i s  a l ternati ve assumes that Tucson recei ves 
a l l CAP water a l l ocated to the Phase B serv i ce area . 

CAP water for Ri o Ri co ,  Green Val l ey ,  and the Santa Cruz County 
users wou l d  be real l ocated because the i r i nvol vement i n  a pri vately funded 
project wou l d be economi cal ly u nfeas i b l e .  No CAP water for mi n i ng or 
agri cu l tu re (Avra Va l l ey ,  F I CO ) wou l d  be del i vered to the Phase B area . No 
CAP del i veri es wou l d  be made to the Papago Indi an Reservation areas of San 
Xav i er and Schu k  Toak .  Monetary damages wou l d  be pa i d  i n  accordance wi th the 
Southern Ari zona Water Ri ghts Settl ement Act . 

The l ength of the aqueduct wou l d be 20 . 1  mi l es wi th 6 . 6  mi l es 
of concrete l i ned cana l  and 13 . 5  mi l es of concrete p i pel i ne .  It  wou l d  req u i re 
three pump i ng p l ants and an e l ectri ca l req u i rement of 1 1 1  g i gawatt hou rs to 
del i ver an  average annual vol ume of 88 ,800 acre feet of water .  El ectri cal 
power to pump ing  pl ants wou l d  be provi ded by non-federa l enti t i es . Th i s  
a l ternati ve wou l d  i nc l ude wi l d l i fe wateri ng s i tes . 

D .  Affected Env i ronment and Env i ronmenta l Conseguences 

Tab l e 3 i s  a compari son of net envi ronmenta l i mpacts for each of the 
a l ternati ve pl ans . The fol l owi ng narrat i ve secti ons briefly descri be the net 
impacts and the i r s i gn i fi cance . 

1 .  B i o l ogi ca l  Resources 

a .  Vegetati on 

creosote-bu rsage , 
bosque . 

The 
pa l o  

major p l ant communi t ies i n  the area are 
verde-mi xed cacti , desert grass l and , and mesqu i te 

b .  B i g  Game and Predators 

Wi nter b i g  game surveys estimated a popu l at ion of 200 to 
400 mu l e  deer and 400 to 600 javel i na i n  the Phase B area . Add i t i onal  spec i es 
present i nc l uded coyote ( the most common predator) , k i t  fox , gray fox , 
mounta i n  l i on , skunk  and bobcat .  

c .  Smal l Mammal s 

Twenty speci es of sma l l mamma l s  were found i n  the project 
area . The most  common were the woodrat and the kangaroo rat .  
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AREA OF IMPACT 

BIOTA 
�ETATION PE�ENTLY 

REMOVED (Acres) !.I 
VEGETATION TEMPORARILY 
REMOVED (Acres) 

lli!!!:.ill y 
Mov..-nt Disruption After 

Mitigation 

Potentl.l Drowning Loss After 
Mitigation 

SPECIAL STATUS Y SPECIES ADVERSE IMPACTS AFTER AllIGATION/cONsERVATION MEASURES 

Thornber's C.ctl 'Y 91 T.-e Globe-BeSr;y -
Desert Tortol" :U-
Gil. Monste;wr1o: Harris Hewt1 Kit Fox !I . 

WATER RESDtlRCES LOCAl sURfAtE 
WATER 

ANIIUAI. AQUEDUCT 
LOSSES 
s .. page 

Evapor.tlon 

AIR QUAlITY 

SOUND QUALITY 

VISUAL QUALITY 

LAlIDS 
-rgrlculture 

Desert Grazing 

Prlv.te Ownership 

CULTURAL RESOURCES !I 
Area Surveyed (Acres) 11 

RECREATION 

SOCIAL IMPACTS HUibir of Reloc.tlons (.pproxl .. te) 

� 

*See page 8 for footnotes. 

TABLE 3* 
COMPARISON OF RESIDUAL ENVIRONMENTAL IMPACTS 

TUCSON AQUEDUCT - PHASE B CENTRAL ARIZONA PROJECT 

6 

West Side 
Pl.n 

367 

2380 

Moder.te 

Low 

High 
High 

Moderate 
Moder.te 

L1t 
Potentl.l Consolidation 
and Redl reetlon of SOlll 
Ephelarll Dr.lnages 

Au .. lng 50S Ground_ter 
Recharge, Net Loss of 1910 
Acre-Feet Per Ye.r 

Loss of B20 Acre-Flit Per 
Ye.r 

Minor Adverse Effects F� 
Construction Generated 
Suspended P.rtlculltes 

TlIIporary Disturtllnee to 
Wildlife Ind .nnoy.nce to 
Rur.l Residents. Bl.stlng 
.... r or In Tucson 
Mountain P.rk Hay 
TlIIporlrlly Degr.de 
Wilderness Values 

Moder.te 

Loss of 96 Acres 
Agrl cu 1 ture 

Loss of Desert 
Grazing on 1983 Acres 

Losl of Tax Revenuet 
on 712 Acres of Priv.te 
Property Acqul red 

5189 

s.na.rio-s.n Joaquin 
Pl.n 

173 

1701 

Moder.te to Low 

Low 

Low 
Low 
Low 
Low 
L!1 

Potentl.l Consolidation 
.nd Red I reetlon of SOlll 
E.m-ral Dr.lnages 

Ass .. lng 50S Ground_ter 
Recharge, Net Loss of 360 
Acre-Feet Per Ye.r 

Loss of ISO Acre-Feet Per 
Ye.r 

Minor Adverse Effects F� 
Construction Gener.ted 
Suspended Partlcul.tes 

TlIIpor.ry Dlsturtl.nce to 
Wildlife and .nnoy.nce to 
Rurll Residents. Blasting 
.... r or In Tucson 
Mountain P.rk Illy 
T.-porarlly Degr.de 
Wilderness Vilues 

Low 

Loss of 96 Acres Agriculture 

Loss of Desert Gr.zlng on 862 Acres 

Loss of T.x Revenues on 319 Acres 
of Private L.nd Acqul red 

2611 

After Mitigation Studies After Mitigation Studies, The The Disturknce or Destruc- Disturknce or Destruction of 
tlon of SOt17 Sites (EST.) 2S�9 Sites (EST.) 

Good 
Low 

15 

Specl.l Designs WOUld be Requ I red I n Areas of Sub
sidence .nd E.rth 
Fissuring; Risk of Le.k.ge 
If Structure Cracks 

Moder.te 

Low 
10 

Mlnl .. l Drowning H.z.rds 

Specl.1 DeSigns WOUld be 
Required In Areas of Sub
sidence .nd E.rth 
Fissuring; Risk of Leak.ge 
If Structure Cr.cks 
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TABLE 3 Cont. 
COMPARISON OF RESIDUAL ENVIRONMENTAL IMPACTS 

TUCSON AQUEDUCT - PHASE B CENTRAL ARIZONA PROJECT 

Sandarlo Sanders-
AREA OF IMPACT Plan San Joaquin 

Modification Plan 

BIOTA 
�ETATION PERMA'fNTL Y 

REMOVED (Acres) - 263 289 
VEGETATION TEMPORARILY 
REMOVED (Acres) 2107 2340 

WILDLIFE Y 
Movellll!nt Disruption After Moderate Low 

Mitigation 

Drowning After 
Mitigation 

SPECIAL STATUS Y SPEcIES ADVERSE IMPACTS 

Low Low 

AFTER MITIGATION/coNsERVATION MEASURES 

Thornber's Cacti � 9/ T UIIIo1moc G 1 abe-Be §]y -
Desert TortOi" -
Gil a Monster lrr/ Harris H.,k TO"! 
Kit Fox - • -

WATER RESOURCES lOCAL SURFACE 
WATER 

ANNUAL AQUEDUCT 
LOSSES 
Seepage 

Evaporation 

AIR QUALITY 

SOUND QUALI TY 

VISUAL QUALITY 

LANDS 
--;\gricul ture 

Desert Grazing 

Private Ownership 

CULTURAL RESOURCES §J 
Area Surveyed (Acres) lJ 

RECREATION 

SOCIAL IMPACTS 

Moderate 
Low 

Moderate 
Moderate 

Lty 

Potential Consolidation 
and Redirection of SOlIe 
Ephetneral Drainages 

Assuming 50S Ground-water 
Recha rge. Net Loss of 1080 
Acre-Feet Per Year 

Loss of 460 Acre-Feet Per 
Year 

Minor Adverse Effects FroM 
Construction Generated 
Suspended Particulates 

Temporary Disturbance tn 
Wildlife and annnyance· to 
Rural Residents. Blasting 
Near nr in Tucson 
Mountain Park May 
TeII1Porarll y Degrade 
Wilderness Values 

Low 

Loss of 96 Acres 
Agriculture 

Loss of Desert 
Grazing on 1.517 Acres 

Loss of Tax Revenues 
on 674 Acres of Private 
Property Acquired 

3865 

Hoderate 
Low 
Low 
Low 
LW 

Potent}al Consolidation 
and Redirection of some 
Ephemeral Drainages 

Assuming 50S Ground-water 
Recharge. Net Loss of 1300 
Acre-Feet Per Year 

Loss of 550 Acre-Feet Per 
Year 

Minor Adverse Effects FrDII 
Construction Generated 
Suspended Particulates 

Temporary Disturbance to 
Wildlife and annoyance to 
Rural Residents. Blasting 
Near or in Tucson 
Mountain Park May 
Temporarily Degrade 
Wilderness Values 

Low 

Loss of 96 Acres 
Agri cu 1 ture 

Loss of Desert 
Grazing on 1.802 Acres 

Loss of Tax Revenues 
on 724 Acres of Pri va te 
Property Acquired 

3878 

After Mitigation Studies After Mitigation Studies 
The Disturbance or Destruc- The Disturbince or Destruc-
tion of 37t13 Sites (EST.) tion of 37t13 Sites (EST.) 

Moderate Moderate 

Low Low 

NUINler of Relocations (approx.) 10 7 

lliill 

·See page 8 for footnotes 

Special Designs Would be 
Required in Areas of Sub
sidence and Earth 
Fissuring; Risk of Leakage 
If Structure Cracks 

Mini .. l Drowning Hazards 

Special Designs Would be 
Required in Areas of S\fb
sidence and Earth 
Fissuring; Risk of Leakage 
if Structure Cracks 

East Sf�, Plan -

250 

2389 

Low 

Low 

High 
Low 
Low 
Low 
Lty 

Potential Consolidation 
and Redirection of SOlIe 
Ephemeral Drainages 

ASSUllling 50S Ground-water 
Recharge. Net Loss of 475 
Acre-Feet Per Year 

Loss of 210 Acre-Feet Per 
Year 

Pntentia 1 Adverse Effects 
FrOll Construction Generated 
Suspended Particulates 

Temporary Disturbance to 
Wildlife and annoyance to 
Rural Residents. Blasting 
Near or in Tucson 
Mountain Park May 
T I!IIIPOra ril y Degrade 
Wll derneSf Va 1 ues 

Low 

Loss of ·123 Acres 
Agriculture 

Loss of Desert 
Graz i ng on 1.367 Acres 

Loss of Tax Revenues 
on 902 Acres of Private 
Property Acqui red 

4350 

After Mitigation Studies. 
The Disturbance or Oestruc
tion of 41t14 Sites (EST.) 

Low to None 

Moderate 

35 

Mini .. l Drowning Hazards 

Special Designs Would be 
Required in Areas of Sub
sidence and Earth 
Fissuring; Risk of Leakage 
if Structure Cracks 

No Federal Action 

135 

1391 

Low 

Low 

Low 
Low 
Low 
Low 
Lty 

Potential Consolidation 
and Redi recUon of some 
Ephemeral Drainages 

AssUlling 50S Ground-water 
Recharge. Net Loss of 
475 Acre-Feet Per Year 

Loss of 210 Acre-Feet 
Per Year 

Potential Adverse Effects 
FI'OIII Constructi on Generated 
Suspended Particulates 

Temporary Disturbance to 
Wildlife and annoyance to 
Rural Residents. Blasting 
Near or in Tucson 
Mnuntain Park Hay 
Tenporarily Degrade 
Wilderness Values 

Low 

No loss of Agricultural 
lands 

Loss of Desert ·Grazing on 
447 Acres 

Loss of Tax Revenues on 
521 Acres of Private 
Property Acquired 

1263 

After Mitigation Studies. 
The Disturbance or Destruc
tion of 12t4 Sites (EST.) 

Moderate to Low 

Moderate 

35 

Mini .. l Drowning Hazards 

Subsidence and Earth 
Fissures Would Not be 
a Probll!lll With This 
Aligoment 



Footnotes for Tabl e 3 

y 

2/ 

§/ 

1/ 

Prel imi nary recommendati ons as of September 22 , 1983.  Extent of 
impacts and mi ti gation not yet final ized . These mi ti gation 
measures are the subject of ongo i ng studi es .  

Incl udes 17 . 6  mi l es Avra Val l ey I rri gation Di stri ct Feeder l i ne on 
the west s i de of Tucson Mounta i ns .  

L i  sted i n  Threatened Nati ve Wi l dl 1fe of Ari zona, Arizona Game and 
Fi sh Commi ssion, 1982. 

Be i ng consi dered for Federal  l i sting as a Threatened Speci es ( FWS 
memo to U . S .  Bureau of Recl amation, September 7 ,  1983) . 

Several C l ass I I I  su rveys conducted i n  the v i c i n i ty of the Tucson 
Aqueduct Phase B i ndi cate a s i te density of 6 .1 s i tes per square 
mi l e .  Thi s  figure represents a fai rl y  accurate stati sti ca l  
estimate and shou l d  b e  v i ewed i n  that l i ght. The actual s i te 
dens i ty cou l d  range fonn 4.0 to 8 . 2  s i tes per square mi l e  ( + 2 .1 
s i tes per square mi l e )  at a 90 percent confi dence i nterva l . -

These esti mates do not i ncl ude estimates for agg regate sou rces , 
hau l and access roads, construction stagi ng areas, or transmi ssion 
l i ne ri ght-of-ways, wh i ch may requ i re some add i t i onal acreage . 
Temporary d i sturbed area i n  excess of the p i pel i ne R-O-W al ong a l l 
p i pel i ne i s  i nc l uded . 

Need for, or extent of, mi tigation i s  unknown . Tel emetry studi es 
at the time of constructi on wi l l  provi de th i s  i nfonnati on .  

Candi dates for proposa l as threatened or endangered speci es .  
10/ On BlM l i st of sens i ti ve spec i es .  
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d .  Songb i rds and Gameb i rds 

A total of 143 spec i es of b i rds were observed in the Phase 
B area . The most  common permanent res i dent spec i es observed were Gambel ' s  
quai l ,  mou rn i ng  dove , common fl i cker , verd i n ,  cactus wren , northern 
mock i ngb i rd ,  curve-b i l l ed thrasher , b l ack-ta i l ed gnatcatche r ,  brown-headed 
cowb i rd ,  house fi nch , and b l ack-throated sparrow . 

e .  Raptors 

N i neteen spec i es of raptors were observed i n  the study 
area , i ncl udi ng one spec i es each of eag l e ,  osprey and k i te ;  two speci es of 
vul tu res ; three speci es of fal con ; s i x  spec i es of hawks ; and f i ve spec i es of 
owl s .  

f .  Repti l es and Amph i bi ans 

A tota l of 39 speci es were recorded . Toads were the most 
common , fol l owed by l i zards and snakes . 

g .  Speci a l  Statu s Speci es 

Two Federa l ly  l i sted endangered speci es are found i n  the 
genera 1 area--the peregri ne fal con and the Ni cho 1 s Tu rks -head cactus . The 
peregri ne fa l con wou l d not be affected by the project and Tu rks head cacti 
were not found al ong the al i nement .  The Thornber ' s  fi shhook cactus , a 
proposed Federa l ly  threatened spec i es and the Tumamoc g l obeberry ,  Pri ngl es l i p 
fern , and Sheer ' s  strong-spi ned cory cactus are a l l cand idate speci es for 
proposa l  as threatened or endangered . These l a st fou r spec i es occur al ong a l l 
al ternat i ves and wou l d  be impacted by the project . Four spec i a l status 
species of wi l dl i fe ( desert torto i se ,  k i t  fox , Harri s '  hawk and G i l a  monster) 
wou l d  be impacted by a l l a l ternati ves . M i t i gati on and/or conservat ion 
measures are bei ng devel oped for a l l spec ia l  statu s spec i es .  

h .  Impacts 

In  genera l , the s i gn i f i cant impacts associ ated wi th the 
s i x  a l ternati ves wou l d  cons i st of hab i tat l oss , drown i ng l osses of wi l d l i fe i n  
the aqueduct , and severance of wi l d l i fe movement patterns . 

1 .  I nd i rect 

The major impacts as soci ated wi th the aqueduct wou l d  
resu l t  from the water d i stri buti on system . Cana l s compri s i ng th i s  system 
wou l  d cause wi l dl i fe hab i tat l oss , movement pattern severance , and wou l  d 
compound the impacts of the ma i n  aqueduct . 

I n  addi t i  on , 37 ,800 acre-feet of water may be used for 
deve l opment of new fa rml ands on the Papago I nd ian Reservati on .  Th i s  
devel opment wou l  d i nvol ve l osses of creosote , bu rsage and mesqu i te bosque 
hab i tat types . 
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2. Di rect 

Canal construct ion wou l d  permanently remove a l l vegetation 
from a stri p as wi de as the cana l and necessary access  roads . Permanent 
hab itat l oss a l ong a p i pel i ne wou l d  be confi ned to the wi dth of the access 
road. Over time, d i s turbed g round areas i nc l udi ng p i pel i ne corridors and 
fl ood reta rdi ng structu res wou l  d revegetate, but fu l l recovery to ori g i  na 1 
cond it ions of these di sturbed areas may not occur  wi th i n  the l i fe of the 
project even wi th revegetation efforts. Desert hab i tats are very suscept ib l e 
to damage and re-establ i shment of some spec ies i s  extreme ly  s l ow. 

Long term effects of the a l terna t i ves i nc 1 ude permanent 
l oss  of 367 acres of wi l dl i fe habi tat for the West S ide P l an, 289 acres for 
the Sanders-San Joaqu i n  Modif ication P l an, 263 ac res for the Sandario  P l an, 
250 acres for the East S ide P l an, 173 acres for the Sandari o-San Joaq u i n  Pl an, 
and 135 acres for the No Federa l Act ion P l an. A l l wi l dl i fe wh ich  requ i re th i s  
habi tat, primari ly  sma l l mamma l s  and some spec i es of repti l es and amph i b i ans, 
wou l d  be l ost as wou l d  the i r  futu re producti on . Drown i ng l osses wou l d  a l so 
cau se a l ong term l oss  in production as wou l d  the effects of habi tat and 
movement pattern severence. Long-term l osses ( 20-30 years ) of eXi st i ng nat ive 
vegetation on revegetated di stu rbed areas i nc l ude the l oss of 2 , 389 acres for 
the East S ide P l an, 2 , 380 acres for the West S ide P l an, 2 , 340 acres for the 
Sanders-San Joaq u i n  Modif ication P l an, 2 , 107 acres for the Sandario  Pl an, 
1 , 701 acres for the Sanda ri o-San Joaqu i n P l  an, and 1 , 391 acres for the No 
Federa l  Action P l an. 

Impacts to terrestri a l  wi l dl i fe wou l d  resu l t  from 
separation of hab i tat caused by open canal port ions of the aqueduct 
a l ternati ves. Th i s  i s  usua l ly  referred to as the barri er effect. Natural 
ri ver courses form barriers to wi l dl i fe; however, the barr ier effect is not 
usual ly  permanent. An imal s can cross ri vers duri ng l ow-fl ow periods, at 
natural fords, or by fl oati ng and swimmi ng downstream unti l a s u i tab l e  pl ace 
to exi t  i s  found. The unmi ti gated canal has no s u i tabl e p l aces to cross and 
steep wal l s  precl ude a l l but a few spec ies from exi t i ng. Canal s wou l d  be 
permanent d i v iders of habi tat whereas p i pel i nes wou l d  on ly be barri ers duri ng 
constructi on. Wi th wi l dl i fe cros s ing  structu res and corridors, impacts wou l d  
be m it igated to acceptab l e  l evel s and res idual  impacts wou l d  be l ow. Because 
of the steep s idewa l l s  of the canal  sect ion few, if any, wi l dl i fe spec ies 
wou l d  be abl e to ex i t  from the cana l i f  they shou l d  fa l l  or j ump i n. Th i s  
wou l d  res u l t i n  death by drown i ng or exposure. 

Th i s  probl em wou l d  be espec i a l ly  s i gn i ficant wi th regard 
to deer a l ong the west s i de of the Tucson Mounta i ns. The measures proposed 
for the Tucson Aqueduct Phase B ( fenc i ng, crossi ngs, l and acqu i s i ti on, 
al ternative water sou rces, rough broom fi n i sh of canal  l i n i ng )  wi l l  l essen the 
magni  tude of l osses. The greatest wi 1 dl i fe drown i ng and movement severance 
potenti a l  wou l d  occur wi th the West S ide Pl an because wi th th i s  plan an open 
aqueduct i s  l ocated i n  a major wi l dl i fe movement area. The l east drown i ng 
impact wou l d  occur wi th the Sandario-San Joaq u i n  Pl an wh i ch i s  predomi nately 
buried pi pe. 

Al l transmi ss ion l i nes wi l l  be des i gned i n  such a fas h i on 
as to precl ude the pos s i b i l i ty of raptor el ectrocution. Ex i st i ng access roads 
wi l l  be used whenever pos s i b l e. 
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The desert tortoi se, k i t fox and G i l a  monster wi l l  be 
affected by hab i tat l oss, drown i ng l oss, and severance of movement patterns. 
The Ha rri s '  hawk wi l l  be affected by nest i ng di sturbance duri ng constructi on 
and by habi tat l os s .  The proposed and candidate pl ants for Federa l 1 i st i ng 
wi l l  be impacted by constructi on di stu rbance . Mi ti gat i on for these impacts to 
spec ia l  status spec i es i nc l ude fenci ng, barriers, wi l dl i fe cros s i ngs, search 
and removal prior to con struction, m i n imi z i ng cons truction d i s tu rbance duri ng 
nest i ng peri ods, and acqu i ri ng and manag i ng l and that supports other 
popu l ations of these spec i es .  Impacts to a l l s pec ia l  s tatus spec i es wou l d  be 
greatest wi th the West S i  de Pl a n .  The 1 east i mpacts to desert tortoi se, 
Harri s '  hawk and Gi l a  mons ter wou l d occur wi th the East S i de P l an, whi l e  the 
Tumomoc g l obe-berry, Thornber ' s  fi sh hook cactus and k i t  fox wou l d  be l east  
i mpacted by the Sandari o-San Joaqu i n  P l an. The No  Federa l Act i on P l an wou l d  
have mi n imal  i mpacts to any spec i a l  status spec i es . 

The greatest overal l b i o l og i ca l  impacts wou l d  occur w i th 
the Wes t S i de P l a n (Agency Proposed Acti on), fol l owed by the Sanders - San 
Joaqu i n  Modi f i cation P l an, the Sandario  P l an, the East  S i de Pl an, the 
Sandari o-San Joaqu i n  Pl an, and the No Federa l Act i on P l an, wh i ch has the l east  
impacts . Both U . S .  F ish  and Wi l dl i fe Serv i ce and Ari zona Game and F i s h  have 
i ndi cated the mi t i gation measures commi tted to i n  th i s  E I S  wou l d  adequate ly  
reduce impacts to  acceptabl e  l evel s for a l l of the act ion a l ternati ves . 

2 .  Water Resources 

a .  Su rface Water 

The primary surface water features wi thin the Phase B 
project area are the Santa Cruz R i ver and i ts pri nc i pa l  tri butari es, Brawl ey 
Wash, Canada De l Oro Wash, and the Ri l l i to R i ver. These streams are a l l 
i ntermi ttent. The primary water source for m i neral  production, domest; c, 
mun i c i pa l ,  and agri cu l tura l  uses i s  pumped ground water. 

I nteract i on between Phase B of the Tucson Aqueduct and 
the l oca l surface water system wi l l  be very l imi ted, confi ned to providi ng 
cross-dra i nage control and protecti on for the aqueduct .  

b .  Ground Water 

The project area genera l ly  overl i es the eastern porti on of 
the Lower Santa Cruz and the northern porti on of the Upper Santa Cruz  
groundwater bas i ns and the Avra Val l ey Bas i n. Ground-water wi thdrawa l has 
occurred i n  the serv i ce area at  a rate greater than the recharge rate, 
resu l t i ng i n  water l evel decl  i ne throughout the area . These water l evel 
decl i nes have caused l and subs i dence and earth f i s s ures. Impl ementat ion of 
any of the aqueduct a l ternati ves wou l d  have a s i gn i f i cant benefi c i a l  effect on 
the reg i onal  water resources, s i nce the aqueduct wou l d  i mport an addi t i ona l 
surface water supp ly .  

c .  Water Qual i ty 

Qual i ty of the groundwater i s  general ly  su i tabl e  for most 
purposes i nc l udi ng crop i rri gation and dri nk i ng. The primary consti tuents of 
l ocal ground waters wh i ch are of concern from a dri n k i n g  water perspect i ve are 
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sal i n i ty ,  fl uor ide ,  n i trate , s u l fate , hardness  and tri ch l oroethyl ene ( TCE) .  
Most o f  the ground water i n  the project area meets both the Ari zona Dri n k i ng 
Water Regu l at ions and the EPA I nterim Primary and Secondary Dri n k i ng Water 
Regu l at ions . 

The project wou l d  import Col orado Ri ver water wh i ch i s  of 
general ly  poorer qual i ty than the ground water now bei ng u sed . However ,  the 
ground water resou rces are fi n i te and wi l l  conti nue be ing severely overtaxed 
at l east unt i l the year 2025 . I t  i s  anti c i pated that at that t ime the 
prov i s i ons of the Ground Water Management Act wi l l  resu l t  i n  bal ance of the 
ground water bas i n .  

Federal and State Water Qual  i ty standards requ i re 
treatment of a l l su rface waters used for human consumption . Wi th standard 
treatment methods the Col orado Ri ver water meets a l l qual i ty s tandards . 

3 .  Ai r Qual i ty 

The a i r  qual i ty i n  the project area i s  genera l ly  good . The a i r  
i n  s parsely i nhab i ted reg i ons i s  good wh i l e  the pol l ut ion i n  the a i r  i n  c i t i es 
such as Tucson exceed Federal heal th standards at t imes . 

A mi nor adverse effect wou l d  be expected for any of the routes 
due to construct i on-generated suspended part icu l ates duri ng the aqueduct 
construction phase . The contractor wou l d  be requ i red to carry out proper and 
effi c i ent measu res ( such  as wateri ng) to reduce du st nu i sances . 

So i l  di sturbance i n  the desert southwest i s  bel i eved to be the 
major cause of cocc i d i o i domysos i s  s pores ( Va l l ey Fever) becomi ng a i rborne . 
Va l l ey fever i s  a fungal d i sease resu l ti ng from i nhal at ion of the anthrospores 
of the fungus .  The d i sease ordi nari ly  causes no severe probl ems , but 
occa s i onal ly can be a seri ous and someti mes fata l i l l ness . Aqueduct 
constructi on wi l l  be c l osely mon i tored to i n s ure that effect i ve dust abatement 
measu res are carri ed out , thus reduc i ng the l i kel i hood of a s i gn i fi cant 
i ncrease in a i rborne Val l ey Fever spores . 

4 .  Sound Qual i ty 

Sound l evel measurements taken by Bureau personnel a l ong the 
potent i a l  aqueduct routes ranged from l ess  than 30 dec i bel s to more than 75 
dec i bel s .  The h i gher sound l evel s were due to veh i c l es and a i rcraft , and a 
more representati ve amb i ent l evel wou l d be approx imately 45 dec i be l s or l ess . 
Constructi on act i v i t ies wou l d  resu l t i n  acute , rel at i ve ly  short duration no i se 
due to equ i pment operation , veh i c l e  access , and b l asti ng . 

Of the s i x a l ternati ves under con s i derat ion , the East S i de p l an 
wou l d  requ i re the most  b l asti ng . The proposed West S i de a1 i nement wou l d  cross 
about 0 . 3  mi l es of probab l e  rock  cut , wh i ch is l ess  than 1 percent of tota l 
excavat ion ; the East S i de a 1 i nement wou l d  cross about 6 . 5  mi l es of probab l e  
rock cut , wh i ch i s  about 10 percent of tota l excavation . For the Sandari o ,  
Sandario-San Joaqu i n ,  and Sanders - San Joaqu i n  Mod if i cati on P l ans , b l asti ng 
req u i rements wou l d  be comparab l e  wi th the West S i de P l an .  
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The operation of pump ing  pl ants wi l l  contri bute to the sound 
l eve l s  in adjacent areas . Sound l eve l measurements of comparab l e  pump i ng 
p l ants i nd i cate that sound produced by operati ona l pl ants will be wel l  wi th i n  
acceptab l e  limi ts . 

Duri ng construct i on ,  sound l evel s wi l l  be mon i tored by Bureau 
personnel  to i nsure comp l i ance wi th Federa l , state , and l ocal  l aws and 
regu l at ions . 

5 .  V i sua l  Resources 

The imp l ementation of any of the a l i nement a l ternati ves wou l d  
i ntroduce open canal s ,  transmi s s i on l i nes , earthen d i kes , buried p i pel i nes , 
pump i ng p l ants , s u rge protection structures , and access roads i nto the area . 
The presence of these structu res wou l d impose l ong-term changes on the v i sua l  
qua l i ty of  the  area . The natu re and  s i gn i f i cance of  these changes depend on 
many factors , i ncl ud i ng the location from wh i ch the structu re i s  vi ewed , 
number of v i ewers , sceni c qual i ty i nvol ved , and exi st i ng d i stu rbance i n  the 
area due to man ' s  act i v i t ies . 

The degree of v i s i b l e  change due to the presence of the Tucson 
Aqueduct faci l i ti es wou l d  vary s i gn i f i cantly accord i ng  to whether the aqueduct 
i s  des i gned as bur ied p i pe l i ne or open canal . Bur ied pi pe l i ne wou l d resu l t  i n  
mi n ima l v i sua l  impacts , s i nce the only s tructu res v i s i b l e  after construct ion 
wou l d  be power transmiss ion l i nes , l ow profi l e  pump i ng p l ants , and operat ion 
and ma i ntenance ( O&M) roads . Open cana l s wou l d  have the potent ia l  for greater 
v i sual  impact , depend i ng on the i r  v i s i bi l i ty and the sens i ti vi ty of the areas 
through wh i ch they pas s .  O f  parti cu l ar concern i s  the v i s i b i l i ty of the open 
cana l of the West  S i de P l an as i t  passes near areas of h i gh v i sual  sens i ti v i ty 
such as the Ari zona-Sonora Desert Mu seum , Saguaro Nationa l  Monument ,  and 
Tucson Mounta i n  Park . 

6 .  Lands 

Al l of the right-of-way ( ROW) requ i red for Phase B of the 
Tucson Aqueduct wou l d  be l ocated i n  P ima County .  

Depend i ng on the route se l ected , the ri ght-of-way requ i rements 
for Phase B cou l d range from about 637 to 2 , 187 acres . The s i x  routes and 
thei r estimated ri ght-of-way requ i rements are l i sted on the fol l owing  tab l e .  

Al l l ands needed for constructi on , operat ion ,  m it i gati on and 
ma i ntenance of the aqueduct wou l d  be acqu i red i n  fee t it l e un l ess it i s  
determi ned at the t ime of acqu i s i t ion to be i n  the best i nterest of the 
Government to acqu i re a l esser i nterest i n  spec if i c  parcel s .  
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Route 

West S i de 
Sandari o 
Sandar io-San Joaqu i n  

Ri ght-of-Way Requ i rements 
Tucson Aqueduct - Phase B 

Central Ari zona Project 

Lenrth 
(mi es) 

Sanders - San Joaq u i n  Mod i f icati on 
East  S i de 

49 . 8  
5 1 . 0  
5 1 . 4  
50 . 1  
64 . 0  
20 . 1  No Federal Acti on 

Estimated ROW 
Requ i red ( acres) 

2 , 187 
1 , 708 
1 ,065 
2 ,024 
1 ,849 

637 

The l and u ses a l ong the a l ternat ive routes for Phase B of the 
Tucson Aqueduct vary from desert g raz i ng and i rri gated crop l and to rura l  
res i dent i a l , commerc i a l , and i ndustri a l . The tab l e  bel ow dep i cts t he  l and u se  
a l ong the a l ternat i ve routes , and estimates acreage requ i red from each major 
l and use  category .  

Route Desert Agri cu l ture Res i dent ia l  Comnerci a l  Industr i a l  Tota l 
West  S i de 1 ,893 96 108 0 0 2,187 
Sandario  1 , 5 17 96 95 0 0 1 , 708 
Sandario-
San Joaqu i n 862 96 107 0 0 1 ,065 

Sanders - San 
Joaqu i n  
Mod i fi cation 1 ,802 96 1 20 0 0 2 ,024 

East S i de 1 , 367 123 340 3 16 1 ,849 
No Federa l 

Act i on 447 0 176 0 14 637 

7 .  Geo l og� 

None of the aqueduct a l ternat i ves wou l d  have s i gn i fi cant 
impacts on the geol ogy of the reg i on .  Al though there has been l i tt l e  
measurab l e  subs i dence i n  the Phase B area , port i ons of the proposed a l i nements 
are in a reas where future sub s i dence i s  expected . These port i ons  wou l d  
requ i re spec i a l  des i gn and/or ma i ntenance . 

Al though  there are no earth fi s s ures a l ong any of the proposed 
a l i nements , there i s  some potentia l  for future earth fi s sur i ng c l ose to the 
aqueduct a l i nements . Deta i l ed geophys i ca l  surveys and core dri l l i ng wou l d  be 
conducted i n  areas of poss i b l e  fi ssuri ng and s pec i a l cons i derati ons can be 
i ncorporated i nto cana l des i gn .  

I n  the short term ( 10 to 15 years fo l l owing  i n i ti a l water 
del i very) , del i very of water to the Tucson Aqueduct serv i ce area wou l d  
s i gn i f icantly l es sen the amount of ground water wi thdrawn from the ba s i ns , and 
wi l l  s l ow the rate of subs i dence and earth fi s sure devel opment . EVen though 
the g round water wi thdrawal wou l d be 1 essened s i gn if i  cant l y ,  th i s does not 
compl etely  cease earth fi ssures from devel op i ng .  These processes are s l ow and 
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cont i nue for years due to readjustment of the bas i n  al l uv i um associ ated wi th 
sub s i dence . 

8 .  Cu l tu ral  Resou rces 

The cu l tural resou rces of the project area had not been 
systematical ly  stud i ed or i nventori ed prior  to th i s  project . Recl amation has 
therefore negotiated a contract for stud i es to i dent i fy cu l tu ral  resou rces , 
analyze impacts of a l ternat i ve pl ans and prepare an avo i dance/m i t i gat i on pl an . 

The three phases of study are compl ete . Phase I cons i sted of 
Cl ass I (overv i ew )  i nventories of the enti re Tucson Aqueduct Phase B project 
area . The second phase of study ,  a Cl ass  I I  ( s ampl e )  su rvey rev i ewed over 300 
cu l tura l  re source s i tes that had been prev i ous ly  recorded w ith i n  the study 
area . The report d i scusses s i te s i gn i f i cance and i dent i fi es perti nent 
research questi ons for use i n  eva l uat i ng new s i tes . The thi rd study phase 
cons i sted of a Cl ass  I I I  s u rvey , an i ntens i ve on-the-ground exami nat i on of a l l 
areas to be affected . Cl ass I I I  s urveys are des i gned to i nventory a l l 
cu l tural  resources w ith i n  the project area and eva l uate the s i gn i fi cance of 
the cu l tura l  resources that may be affected . A pri mary resu l t i s  the 
devel opment of p l ans to avo i d ,  mi n imi ze , or mi t i gate adverse effects . 

The Cl ass  I s urvey i dent i fi ed 539 preh i stori c and h i s tori c 
archeo log i cal  s i tes wi th i n  the 1666 square mi l e  study area . Of these , 17  are 
cu rrent ly  1 i sted on the Nat i ona 1 Reg i ster of H i  stori c P l  aces . Two other 
s i tes are l i sted on the Ari zona State Regi ster and an add i ti onal 26 are l i sted 
on the State I nventory .  Al though a s i gn i f i cant port ion of the study area has 
been surveyed for cu l tural  resources , the tota l number of s i tes i s  undoubted ly 
much h i gher.  

The C l ass  I I  survey cons i dered a 392 square mi l e  area . Of that 
total , approx imately 18 percent , or 71 square mi l es ,  had been prev ious ly  
su rveyed for other non-CAP proj ects . The resu l ts suggested that about 2 ,400 
s i tes cou l d  be l ocated w ith i n  the study area and estimated that between 20 and 
60 s i tes may be adversely affected by the a l ternat ive p l ans . 

The C l ass I I I  s urvey has been compl eted for the proposed West 
S i de P l an .  It i denti f ied 32 preh i storic  archaeol og i ca l  s i tes of whi ch no 
s i tes currently l i sted on the Nati onal Reg i ster wou l d  be affected . 

The compl eted and ongo ing stud i es wi l l  prov i de documentat ion 
for consu l tat ion w i th the Ari zona State H i stori c Preservat i on Offi cer ,  the 
Keeper of the Nat ional Reg i ster of H i storic P l aces , the Advi sory Counc i l on 
H i stori c Preservat ion , and other i nterested l ocal groups as st ipu l ated in the 
Nat i onal  H i stori c Preservation Act of 1966 , as amended i n  1980 . These 
consu l tat i ons have been i n i t i ated under prov l s l ons of a Programmati c 
Memorandum of Agreement s i gned between Recl amation and the ACHP and Ari zona 
SHPO. The consu l tat i ons wi l l  be pursued to i nsure that the Tucson Aqueduct 
surveys and the avoi dance/mi t i gation p l an are adequate and appropri ate . 

9 .  Recreati on 

The 1977 Ari zona Statewide Comprehens i ve Outdoor Recreation 
Pl an ( SCORP ) and the 1983 Ari zona SCORP Update prepared by the Ari zona Outdoor 
Recreation Coord i nat ing Comm i s s i on i denti fy those recreat ional  act i v i t ies 

15 



wh i ch are i n  demand and are fac i l i ty/area defi c i ent .  Both documents i dent i fy 
a vari ety of tra i l act i v i t i es , such as b i cycl i ng ,  h i k i ng ,  horseback ri d i ng , 
and p l easure wal k i ng/runn i ng , wh i ch are ranked h i gh i n  the need for fac i l i ty 
and area devel opment and use . I n  add i ti on ,  the SCORP i dent i f i ed nature study 
areas , open s pace acti v i t ies , and camp i ng faci l i t i es i n  h i gh demand . 

Cu rrent recreati on act i v i t ies i n  the Tucson Aqueduct-Phase B 
study area are concentrated i n  the Tucson area , where outdoor recreation i s  
centered around ne ighborhood parks , school s ,  c i ty parks , and r iver parks . On 
the outs k i rts of Tucson , a vari ety of act i v i t i es such as h i k i ng ,  natu re study , 
s i ghtsee i ng , and horseback r i d i ng are promi nent i n  the Saguaro Nati onal 
Monument and the Tucson Mounta i n  Park . I n  add i t i on to d i spersed recreation , 
wh i ch usua l ly req u i res l i tt l e or  no fac i l i ty devel opment , both the Tucson 
Mounta i n  Park and the Saguaro Nat i onal  Monument have campgrounds , p i cn i c  
a reas , and other recreat ional  faci l i ti es .  

Any of the proposed a l ternati ves cou l d  resu l t  i n  mi nor access 
i nconven i ence to recreat i onal  users , parti cu l arly in the v i c i n i ty of the 
Saguaro Nati onal Monument and the Tucson Mounta i n  Park . Detours to aqueduct 
cros s i ng po i nts wou l d  be requ i red . Open canal  port i ons wou l d  defi n i tely 
requ i re permanent acces s i b l e  cros s i ngs for publ i c  recreat ion users . 

10 . Soc i a l  

Constructi  on o f  the aqueduct i s  not expected to change the 
popu l at i on s i ze or the rac i a l  or age d i stribution of the commun i t ies in the 
area . Because the aqueduct a l i nement l i es near the second l argest c i ty i n  
Ari zona ( Tucson) , l ocal  workers wou l d  b e  read i l y  ava i l ab l e , and n o  s i gn i fi cant 
mi grat ion of non-l oca l workers i nto Centra l Ari zona as a resu l t  of the project 
i s  ant i c i pated . 

Rel ocati ons wi l l  be few wi th any of the a l i nements under 
cons i derat ion . The estimated number of rel ocat i ons vary from 7 wi th the 
Sanders -San Joaqu i n  Mod i fi cat ion P l an to about 35 for the East S i de P l an and 
No Federa l Act i on P l an .  Approxi mate ly  15 rel ocat i ons wou l d  be req u i red for 
the West S i de P l an .  

Phase B of the Tucson Aqueduct perm i ts de l i very of water to the 
San Xav ier  I nd i an Reservat ion and the Schu k Toak D i stri ct of the Papago I nd i an 
Reservat ion .  I f  the 37 ,800 acre feet per year de l i vered to these commu n i t i es 
i s  u sed to devel op agri cu l ture ,  I nd i an empl oyment wou l d  be i ncreased . 
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L P U R P O S E  A N D  N E E D  





I .  Purpose and Need 

A .  I ntroducti on 

Th i s envi ronmental impact statement ( E I S )  descri bes the proposed 
construct ion , operati on , and ma i ntenance of the Phase B porti on of the Tucson 
Aqueduct , a featu re of the Centra l  Ari zona Project ( CAP ) .  Phase B of the 
Tucson Aqueduct i s  the 1 ast segment of the CAP aqueduct system wh i ch , when 
compl eted , wi l l  extend from the Col orado Ri ver through central Ari zona to the 
Tucson Metropol i tan  Area . 

The CAP was authori zed as  a part of the Col orado Ri ver Bas i n  Project 
Act ( Publ i c  Law 90-537 ) on September 30 , 1968 . The primary purpose of the CAP 
i s  to furn i sh water for i rr i gation , mun i c i pal , and i ndustri a l  u ses i n  centra l  
and southern Ari zona and western New Mex i co .  D ue  to  i ts magn i tude , the 
CAP i s  d i v i ded i nto severa l  featu res serv i ng  separate but i nterrel ated 
functi ons .  The l ocati ons of the authori zed features of the CAP are shown on 
the fronti sp i ece . 

To ach i eve comp l i ance w i th the Nati onal Envi ronmenta l Pol i cy Act 
( NEPA )  of 1969 , a fi nal  overa l l E I S  was prepared for the ent i re project and 
fi l ed wi th the Counc i l on Env i ronmenta l Qual i ty ( CEQ ) on September 26 , 1972 
( USBR 1972 ) . Th i s  statement commi tted the Bu reau of Recl amat ion ( Bureau )  to 
prepare i n d i v i  dua 1 s i te-spec i fi c E IS · s for major features of the project .  
S i nce that t ime seven fi nal  E I S · s  have been fi l ed for i nd i v i dua l  features of 
the project : Havasu I ntake Channel , Havasu Pump i ng P l ant , and Bucks k i n  
Mounta i ns Tunnel --January 1973 ( USBR 1973 ) ; Gran i te Reef Aqueduct--January 
1974 ( USBR, 1974 ) ; Gran i te Reef Aqueduct Transm i s s i on System--August 1975 ( USBR 
1975 ) ;  Sa l t-G i l a  Aqueduct--November 1979 ( Water and Power 1979 ) ;  Tucson 
Aqueduct-Phase A--Ju ly  1982 ( USBR 1982 ) ;  Water Al l ocat i ons and Water Serv i ce 
Contract i ng--March 1982 ( USBR 1982 ) ;  and Regu l atory Storage D i v i s i on--February 
1984 ( USBR 1984 ) . W i th the except i on of the Regu l atory Storage D i v i s i on ,  these 
features of the CAP are e i ther compl ete or under construct i on . 

The Tucson Aqueduct i s  the l ast segment of the CAP aqueduct system . 
The pl ann i ng and env i ronmenta l  statement process  for the Tucson Aqueduct has 
been d i v i ded i nto two phases . Phase A of ' the Tucson Aqueduct and i ts 
associ ated e l ectri cal  transm i s s i on system extends from the end of the 
Sal t-Gi l a  Aqueduct in centra l P i nal  county to the v i c i n i ty of Ri l l i to ,  Ari zona 
i n  northern P ima County .  Phase B wi l l  extend from the termi nus of Phase A to 
the Tucson Metropol  i tan Area and to the south boundary of the San Xavi er 
Indian  Reservati on . 

Other authori zed features of the CAP that are i n  the p l ann i ng stage 
i nc l ude Buttes Dam and Reservoi r ,  Hooker Dam or su i tabl e a l ternati ve (a study 
of a l ternat i ves i s  the subject of current i nves t i gat ions  under the Upper G i l a  
Water Supply Study [UGWSS] ) ,  and the I nd ian D i stri but i on D ivi s ion . 

B .  Phase B 

1 .  Pu rpose 

The Tucson Aqueduct-Phase B wi l l  convey water from the termi nus 
of Phase A to the Tucson Metropol i tan Area for del i very to agri cu l tural , 



mun i c i pa l , i ndustri a l , and I nd ian users . F i gure 2 shows the l ocat ion of 
potenti a l  water users i n  the Phase B serv i ce area . 

2 .  Need 

Augmentat ion of ex i st i ng water suppl i es i n  the Tucson Aqueduct 
Phase B area i s  needed . The ground water l evel i s  droppi ng and Tucson ' s  onl y 
dependab l e  sou rce of water i s  bei ng  depl eted . Metropo l i tan Tucson i s  among 
the l a rgest  c i ti es in the nat i on sol e ly  dependent on groundwater for i ts 
supply .  The absence of any a l ternate sou rce of water makes Tucson ' s  
dependence on g roundwater un ique when compared to other c i t i es that use  
groundwater . 

Of the 430 ,000 acre-feet currently be i ng pumped wi th i n  the 
Tucson AMA , agri cu l ture u ses 56 percent , mi n i ng and i ndustry u se 21 percent , 
and mun i c i pal  system de l i very accounts for 23 percent .  Agr i cu l tural  water use 
i s  expected to dec l i ne i n  the future because some farml and i s  projected to be 
converted to res i dent i a l  and i ndustri a l  use . Much of the reduct ion i n  
agr icu l tura l  water use , however , wi l l  b e  offset by i ncreased demand of an 
expand i ng popu l at ion . 

I n  order to hel p reduce demand , the 1980 Groundwater Management 
Act was enacted and authori zes the Ari zona Department of Water Resources to 
requ i re water conservation by users . It a l so provi ded for the creat ion of 
four  act i ve management areas ( AMA ) where i ntens i ve groundwater management i s  
requ i red . The AMAs are headquartered i n  Phoen i x , Tucson , Ca sa Grande , and 
Prescott . Each AMA has a management pl an wh i ch i mposes progress i ve ly  s tr i ct 
conservation measures unti l some future date when the u l t imate goa l of safe 
yi e 1 d ( l ong term ba 1 ance between groundwater wi thdrawa 1 and recharge ) i s  
reached . The management goa l for the Tucson AMA i s  safe y i el d by the year 
2025 . CAP water del i veri es are i nc l uded i n  th i s  pl an . Augmentat i on and 
demand reducti on wi l l  s l ow the rate of groundwater wi thdrawa l , and in turn 
s l ow the rate of earth subs i dence and fi ssuri ng . 

To hel p mi t i gate the dep l etion of the State ' s  ground water 
resou rces , the State of Ari zona Department of Water Resources ( DWR )  i n  January 
1982 recommended CAP water a l l ocat i ons that provi ded 638 ,824 acre-feet 
annua l ly  i n  the year 2034 to 85 mun i c i pal  and i ndustri a l  enti t ies , wi th the 
rema i n i rig supp ly  to 23 i rri gati on d i stri cts for farmi ng operati ons . I n  March 
1982 the Bureau fi l ed the fi nal  E IS  for water a l l ocati ons and water serv i ce 
contract i ng for the CAP .  The Bu reau ' s  Proposed Acti on i s  to a l l ocate 309 ,828 
acre-feet annual ly  to 12 I nd i an tri bes for i rri gati on or for ma i nta i n i ng 
tri bal  homel ands . ( The CAP water supply i s  the amount s peci f ied i n  the 1981 
contracts between the tri bes and the Secretary of the I nteri or ) . Th i s  E IS  
i nc l udes DWR ' s  recommendati ons . The Water Al l ocations & Water Serv i ce 
contracti ng E IS  ( 1982 ) l i sts a l l ocati ons by i nd i v i dual  user enti ty .  

On October 12 , 1982 , the Southern Ari zona Water Ri ghts 
Settl ement Act ( SAWRSA ) was s i gned i nto l aw ( PL 97-293 ) .  The Act settl es a 
water r i ghts s u i t  fi l ed by the Papa go I nd ians by prov i d i ng water to the San 
Xav i er and Shuk  Toak porti ons of the Papago Reservat i on from CAP , groundwater , 
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and by prov i d i ng  effl uent from the ci  ty of Tucson to the Secretary of the 
Interi or for use i n  obta i n i ng add i t i onal  water for the Papagos as shown bel ow .  

CAP 
Ground Water 
Effl uent 

Tota l 

San Xav ier  

27 ,000 ac-ft 
10 ,000 ac-ft 
23 ,000 ac-ft 

60 ,000 ac-ft 

Schu k Toak  

10 ,800 ac-ft 

5 , 200 ac-ft 

16 ,000 ac-ft 

Note : The Act has l imi ted ground water pump i ng at Schu k Toak to that tak i ng 
pl ace as of January 1 ,  1981 . No pumpi ng of any magn i tude i s  known to have 
occu rred as of that date . 

The CAP water supply i s  the amount s pec i f ied i n  the 1981 
contract between the Tribe and the Secretary of the I nteri or .  Ground water 
wou l d  come from the exi sti ng ground water sou rce devel opment on the reserva
t ion . The recl a imed water wou l d  be provi ded by the C i ty of Tucson at no cost 
to the Secretary .  Treatment of th i s  water to make i t  s u i tab l e  for i rri gati on 
wou l d  be the respons i b i l i ty of the C i ty of Tucson . However , the Secretary 
cou l d  exchange i t  wi th other users , or sel l i t ,  and make add i ti onal water 
ava i l ab l e  to the Papago Tri be . 

To meet the water supply augmentation needs of the Tucson 
Aqueduct - Phase B servi ce area , the Bureau of Rec l amat ion  proposes to 
construct the West Si de P l a n .  The u l t imate pu rpose of th i s  document is to 
di scl ose the envi ronmenta l i mpacts of the proposed act i on and a l ternati ves . 
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I I .  A L T E R N A T I V E S  I N C L U D I N G  
TH E A G E N C Y  P R O P O S E D  
A C T I O N  





I I .  Al ternat i ves I nc l udi ng the Agency Proposed Act i on 

The purpose of a l l act i on p l ans i s  to del i ver Centra l Ari zona Project 
Col orado Ri ver water to agri cu l tura l , mun i c i pa l , and i ndu stria l  u sers i n  P ima 
County ,  Ari zona , both I nd i an and non- I nd i an .  

To  make a dec i s i on on  what aqueduct a l i nement shou l d  be  i denti fi ed as the 
agency ' s  proposed acti on , i t  was necessary to con s i der a l l costs and 
envi ronmenta l  i mpacts assoc i ated w i th del i very of CAP water to common pO i nts 
of use . Thus a l l p l ans wou l d  be comparab l e .  For exampl e :  An aqueduct 
a l i nement on the west  s i de of the Tucson Mountai ns wou l d  bri ng the water 
cl oser to the Schuk  Toak  D i strict than an al i nement on the east  s i de of the 
mounta i ns ; therefore , the fac i l i t i es requ i red to convey the water from the 
aqueduct to a common poi nt of use were i nc l uded in the appropr iate p l an .  Even 
though the cost of the Schuk Toak del i very l i ne i s  non-Tucson Aqueduct , th i s  
was i nc l uded i n  the tota l p l an costs . 

For th i s  eva l uati on , the auxi l i ary fac i l i t i es that were i nc l uded are 
those requ i red to del i ver water to the Avra Val l ey I rr i gat ion D i s tr i ct and the 
Schuk  Toak D i stri ct .  The fac i l i ti es that rema i n  the same , regard l ess of what 
a l i nement i s  u sed , have not been i nc l uded i n  the pl ans s i nce they do not 
affect p l an sel ect i on . These i nc l ude the d i stri buti on systems for Avra Val l ey 
I rri gati on D i stri ct , Schu k Toak  D i s tri ct , and San Xav i er Indi an Reservati on ;  
the i nternal  d i stri but i on system for the C i ty of Tucson ; and the fac i l i t i es to 
the mi nes , Farmers I nvestment Company , and to mun i c i pa l i t i es south of the San 
Xavier I nd i an Reservat ion . 

Project fac i l  i t ies  are those that j u st  convey CAP water to the C i ty of 
Tucson del i very poi nt and the south boundary of the San Xav i er I nd i an 
Reservation and tu rnouts for Avra Val l ey Irri gat ion D i stri ct , Schuk Toak 
D i s tri ct , Tucson water treatment p l ant , San Xavier I nd ian Reservation , and 
water users south of the San Xav i er I nd ian Reservati on . 

A l ternative  p l ans wou l d  convey an average annual  vol ume of 16 1 , 900 
acre-feet of water to the serv i ce area . The aqueduct wi l l  beg i n  at  the 
termi nus of the authori zed Tucson Aqueduct-Phase A i n  northern P ima County .  
Each Tucson Aqueduct-Phase B a l ternat i ve has two term i n i , one at a proposed 
Tucson water del i very poi nt and a second at the south boundary of the San 
Xavier I nd i an Reservation .  

Four a l ternati ves p l ans  have been i denti fi ed on  the  west  s i de of  the 
Tucson Mounta i ns , and one p l an  has been i dentified on the east s i de .  The No 
Federa l Act i on p l an has a l so been i dent i fi ed .  These p l ans have been ana lyzed 
i n  deta i l .  

A .  Agency Proposed Acti on - West S i de P l an 

1 .  Overvi ew of Pl an Concept 

Th i s  a l ternat i ve i s  based on prov i d i ng an average annual vol ume 
of 161 , 900 acre - feet of Col orado R i ver water to the Tucson Aqueduct - Phase 
B serv i ce area by means of an aqueduct system l ocated pr imari l y  on the west  
s i de of the  Tucson Mounta i ns .  



Th i s  p l an wou l d  be most ly cana l  wi th s i x  pump i ng p l ants to 
l i ft the water from the beg i n n i ng of the Phase B aqueduct ( e l evat i on 2 ,040 
feet ) to the C i ty of Tucson ' s  de l i very po i nt ( el evati on 2 ,BOO feet)  and to the 
south boundary of the San Xav i er Ind i an Reservati on ( e l evat ion 2 ,BOO feet ) .  
Al ong the port i on of the canal  through  Avra Val l ey ,  four  turnouts wou l d  be 
provi ded for the Avra Val l ey I rri gati on D i stri ct . A tu rnout wou l d  be provi ded 
for the Schuk  Toak D i strict on the Garc i a  Stri p ,  an eastern spur of the Papago 
Reservation . From th i s tu rnout a p i pel i ne cou l d  be constructed to the 
reservation . At the south boundary of the San Xavi er I nd i an Reservat i on two 
tu rnouts wou l d  be needed ; one wou l d  be prov i ded for the San Xav i er I nd i an 
Reservat ion and the other for the town of G reen Val l ey ,  the mi nes , Fanners 
Investment Company , R io  R ico , and the c i ty of Noga l es .  A th i rd tu rnout may 
be needed near the south boundary of the San Xav i er I ndian Reservat ion for the 
ASARCO mine . 

Summaries  of phys i ca l  characteri st ics  and p l an costs are s hown 
i n  Tab l es 1 and 2 ,  respecti ve ly .  

2 .  Deta i l ed Pl an 

a .  Aqueduct Des i gn and .Components 

The total  l ength of the aqueduct i s  47 . 4  mi l es wh i c h  
i nc l udes 2B . 0  mi l es of  concrete l i ned canal  and 19 . 4  mi l es of  concrete 
p i pel i ne .  The aqueduct capac i ty ranges from 650 cfs to 200 cfs . Typ i ca l  open 
cana l and p i pel i ne aqueduct des i gns are shown i n  F i gu res 3 and 4 .  The 
aqueduct wou l d  dev i ate from the typ i ca l  open canal conf i gurati on i n  cut 
sect ions  approach i ng the pump i ng p l ants and on re l at i vely steep cross-s l opes 
a l ong the bajadas of the Tucson Mounta i ns and B l ack Mounta i ns as s hown i n  
F i gure 5 .  

F i gure 5 depi cts a percepti on of the deep cuts requ i red 
for approaches to the pumpi ng p l ants . Most of the permanent s l opes wi 1 1  be 
2 : 1 ,  w i th some 1-! : 1  ( probab ly steeper i n  rock ) .  F l atter s l opes , such as  3 : 1  
s l opes , wou l d  be u sed on a l imi ted bas i s .  Cut  depths wou l d  range from 
approximate ly  50 to 1 15 feet at the f i ve pump i ng p l ants w i th canal  i n l ets . 

The West S i de Pl an wou l d  requ i re s i x  pump i ng p l ants wi th a 
tota l e l ectri ca l  capac i ty of about 53 megawatts . Operati on of these p l ants 
wou l d  have a tota l average annual energy requ i rement of about 174 g i gawatt 
hou rs to del i ver 161 , 900 acre-feet ( ac ft ) of water through the system . Tab l e  
3 summari zes the rel evant pumpi ng p l ant data . 

I t  i s  anti c i pated that f i nal  des i gn w i l l i nc l ude a 
s urge protect i on structu re at the d i scharge s i de l i nes of Brawl ey , San Xavi er , 
Synder H i l l ,  and B l ack  Mounta i n  pump i ng pl ants . Surge protecti on wi l l  a l so 
need to be provi ded at some po i nt a l ong the del i very p i pel i ne from the Snyder 
H i l l  Pump i ng Pl ant to the Tucson water de l i very po i nt .  Through  the process  of 
des i gn i ng the system three d i fferent methods of surge control have been 
stud ied .  
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Table 1 
Summary Alternative Plans - Physical Characteristics 

Tucson Aqueduct - Phase B 
Central Arizona Project 

e Sanders- No 
Sandario- San Joaquin Federal 1/ 

Conveyance Facilities (Miles) West Side San Joaquin Sandario Modification East Side Action -

Main Aqueduct 
Canal 28 .0 4.8 16 .9  19. 2  6 . 6  6.6 
Pipe 19. 4  39 .8 27 .9  28 .0 30 .2  13 . 5  

Subtotal 11.1' 4l4.O la 'IT.! � � 
Indian Deliverl Line 

Canai 0 0 0 0 0 0 
Pipe 2. 4 3 .0  2 .4  2 .4  9 .5  0 

Subtotal 'D' n 'D' 'D' n If 
Avra Vallel Delive� Line 

Canal 0 0 0 0 13.5 0 
Pipe 0 3 .8  3 . 8  0 . 5  4 . 2  0 

Subtotal If n n u il.f If 
Total 49 .8  51. 4  51.0 50 . 1  64.0 20 . 1  

pUilinl Plants {No . }  
Ran gueduct 6 5 5 5 5 3 
Indian �e" verl Line 0 0 0 0 0 0 
�vra Vallel De-ive!X Line 0 0 0 a 2 0 

Total --,- � � � --, -, 
Right-of-Way {Acresl 
Rain �queduct 

Canal 1922 513 1310 1624 593 473 
Pipe 235 482 338 339 366 164 

e Subtotal mr -m- " l!U  1m -m m 
Indian Delive� Line 

Cana' 0 0 0 0 0 0 
Pipe 30 35 30 55 115 0 

Subtotal llf � llf � m If 
Avra Vallel Delive� Line 

Canal 0 0 0 0 720 0 
Pipe 0 35 30 6 55 0 

Subtotal If � llf 0 m If 
Total 2187 1065 1708 2024 1849 637 

Power Transmission Line (miles ) 33 33 33 34 32 19.0 

a n 
oa 53 67 63 59 59 32 

Energy (GWH) 174 220 204 193 197 111 
Indian Del iverl Line 

Load (RW) 0 0 0 0 0 0 
Energy (GWH) 0 0 0 0 0 0 

Avra vallag Deliverl Line 
Load ( ) 0 0 0 0 1 .0  0 
Energy (GWH) 0 0 0 0 1 . 2  0 

Total 
--road (MW) 53 67 63 59 60 32 

Energy (GHW ) 174 220 204 193 197 111 

- Jj The NNo Federal Action" alternative describes the most probable actions that would be taken 
by Tucson Metropolitan area users to obtain CAP water in the absence of Federal funding. 
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Aqueduct 
I nd � a "  Oel i very L i ne 
!;'i rl'l Vl! P P.Y De l 1 very L i ne 

TOTAL F I ELD COST 
Noncon tract ( 25%) 

TOTAL CONS TRUCT ION COST 2 fnterest Du r i ng Construcjjon _I 
M i t i gation - B i o l ogical  -

- Cul tural 41 Resou rce -

TOTAL CAP ITAL COST 

OM&R 
�queduct 
I nd i a n  Del i very L i ne 
Avra Va l l ey Del i very L i ne 

� que Ilet 
I nd i an Del i very L i ne 
Avra Val l ey Del i very L i ne 

TOTAL OM&R COST 

ANNUAL S9UI VALENT OF CAP ITAL 
COST -

TOTAl OM&R COST 
DAMAGES PA ID TO THE 

PAPAGO TRIBE 

TOTAL ANNUAL COST 

Tab l e  2 
SUMMARY ALTERNAT I V E  PLANS REGI ONAL COST 1.1 

TUCSON AQUEDUCT - PHASE B 
C ENTRAL AR IZONA PROJECT 

(Al l Costs a re i n  Thou sands of Do l l a rs ) 
( January 1985 Price Level s ) 

Sanders-
Sandario- San Joaqu i n  

West S i de San Joagu i n  Sanda r i o  Modi fi catiol ; 

213 .813 252 .813 225.248 231.829 
1.064 1.344 1.064 1 ,064 

Q 2,814 2.814 645 

214,877 256 ,971 229.126 233.538 
53.719 64,243 57,281 58,384 

268.596 321,214 286 ,407 291 ,922 
52.186 61.594 55,503 56 ,062 

4.169 900 3,755 1.175 

1.000 1,000 1,000 1 ,000 

325 1951 384 1708 3461665 350 1159 

1 .934 1 .523 1,712 1.717 
41 53 41 41 
0 19 19 1 

6.700 8,454 7,830 7,407 
0 0 0 0 
0 0 0 � 

8 1675. 10 1048 91603 91167 

24.870 29,353 26,450 26,717 
8,675 10,048 9,603 9,167 

0 0 0 0 -
33 1545 391401 361053 35 1884 

No Federa l 
Ea st S i de Acti on 

218 .677 134 ,113 
8.696 0 

26 .395 0 

253 ,768 134.113 
63,442 33,528 

317 ,209 167.641 
60.889 32.316 

1 .208 885 

1.000 1,000 

380z306 201z842 

1,431 782 
41  0 

391 0 

7,569 4.082 
0 0 

26 0 

91459 4 1864 

29,017 15.400 
9.459 4.864 

__ 0 20 1040 

38 1476 401305 

l! Labe l s  used in th i s  tab l e  rel ate to function and not to fund i ng respon s i b i l i ty .  Regi onal cost i nc l udes both 
non-federa l and federa l expendi tures . 

Jl I nterest duri ng construction i s  based on a 5-year construction period and an i n terest rate of 7.625 percen t .  

J/ E s t i ma ted mi tigation expendi tures (mi tigation has not been final i zed ) . 

4/ 
Esti mated mi tigati on expendi tures . Maximum mi tigation expendi tu re can be up to 1 percent of tota l cons truct i on 

costs . 

5 /  Fo nnu l ated based o n  100-year project l i fe and a n  i nterest rate o f  7. 625 percent .. 
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Tabl e  3 
Pump i ng Pl ant Data - West S i de Pl an · 

Tucson Aqueduct - Phase B 
Central Ari zona Project 

Pump i ng 
P l ant Locati on El ectri c caJaci t� L i ft D i scharge L i ne 

(megawatts ( feet )  (length i n  feet ) 

Twi n  Peaks  Sec 14 , T12S , RUE 5 . 2  72  650 
Sandari o Sec 17 , T13S , RUE 4 . 9  87 500 
Brawl ey Sec 33 , T13S , RUE 13 . 0  2 13 6 , 100 
San Xavi er Sec 34 , T15S , R12E 9 . 3  157 10 ,600 
Snyder H i l l  Sec 35 , T14S , R12E 1 2 . 4  307 25 , 700 
Bl ack Mountai n  Sec 23 , T15S , R12E 8 . 5  383 14 , 100 

The fi rst i s  the standard two-way surge tank .  Th i s  
tank i s  s i tuated over the d i scharge 1 i ne of the po i nt of greatest  negati ve 
pressure wi th the top set at the max i mum hydrau l i c  grade l i ne . There are no 
val ves or mov i ng  parts i n  th i s structure and i t  operates by tak i ng water from 
the s urge tank  i nto the d i scharge 1 i ne and back i nto the tank  as the s urge 
reverses i tsel f .  Th i s  type i s  the most economical . F i gure 6 shows the des i gn 
of a typ i ca l  s urge tank . 

The second type i s  the l ow and wi de one-way tank .  
Th i s  tank  i s  aga i n  l ocated a t  the poi nt of greatest negati ve pressure .  Th i s  
tank i s  s i zed to conta i n the vol ume of water requ i red to ma i ntai n  the 
di scharge l i ne fu l l  and requ i res a val ve system that a l l ows the water out of 
the tan k but s tops i t  from return i ng when the surge reverses . These val ves 
are rapi d  c l os i ng and cau se l oud noi ses on c l os i ng .  Al so , depend i ng on the 
s i ze and l ength of d i scharge l i ne , i t  may requ i re severa l  val ves thus  
effecti ng the rel i ab i l i ty of the system . Th i s  i s  a l so the most costl y of the 
systems . 

The th i rd method , and the des i gn sel ected for 
Phase B ,  i s  the a i r chamber system . Th i s  system i s  a sphere l ocated adjacent 
to the pump i ng p l ant and connected to the d i scharge l i ne .  Th i s  chamber i s  
fi l l ed wi th water and pressur i zed wi th a i r  to force the water i nto the 
d i scharge l i ne i n  the event of a down surge caused by a pump fa i l u re .  Th i s  
tank  requ i res an a i r compressor to mai nta i n  the correct vol ume of water and 
a i r i n  the system . Th i s  system i s  rated second i n  rel i ab i l i ty and cost but i s  
the most env i ronmental ly acceptabl e  as i t  i s  l ocated i n  the bas i n  wi th the 
pump i ng pl ants . F i gu re 7 shows the des i gn of a typi ca l  a i r  chamber . 

Add i t i onal  anti c i pated aqueduct components are 
summari zed on Tab l e  4 .  F i gures 8-10 a re photos of some of the components as 
they appear for the Gran i te Reef Aqueduct . The tentat i ve l ocati ons of these 
fac i l i t ies  are shown on Fi gures 11 through 16 . 
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Tab l e  4 
Aqueduct Components - West S i de Pl an 1/ 

Tucson Aqueduct - Phase B 
Centra l Ari zona Proj ect 

Structu re 

Chec k Structures 
Tu rnouts 

Overchutes 
Si phons 
Col l ecti ve Di kes 
Cou nty Roads and 

Other Bri dges 
Wi l d l i fe Cros s i ngs 
Wi l d l i fe Wateri ng S i tes 
Securi ty Fencing 

Number 

2 
9 

30 
2 

20 mi l es 

7 
13  
7 

57 . 8  mi l es 

w/wi l d l ife p rotecti on 23 mi l es 
w/tortoi se barri er 8 mi l es 

Wi l d l i fe Movement Corri dor 2 , 530 acres 

S ize  or Capac i ty 

2 -550 cfs 
1 -15 cfs , 1 -25 cfs , 1 -45 cfs , 

1 -50 cfs , 1 -60 cfs , 2 -100 cfs , 
2-350 cfs 

1 to 4-72 i nch p i pes 
1 -650 cfs , 1 -550 cfs 
8 to 10 feet h igh  

HS  20  l oad i ng 

( Fence l ength i nc l udes both s i des of 
canal ) 

2! The number and type of components l i sted are based on conceptua l des i gns 
determi ned to be su i tab l e ,  representative and fea s i b l e for the functions  
i ntended . They do not  represent a statement on fi na l  construction des i gn .  
The numbe r ,  l ocation , and desi gn of c ross-drai nage structures wi l l  be refi ned 
by suppl emental hydro l og i c  studies  conducted du ri ng the des i gn phase . The 
fi nal l ocat ions  and number of road bri dges , wi l d l i fe c ros s i ngs , and wi l d l i fe 
wate ri ng s i tes , and the type of fenc i ng a l ong the ri ght-of-way wi l l  be 
determi ned through negoti ations wi th the appropri ate agenc ies du ring fina l  
aqueduct des i gn and  wi l l  be  refl ected in  the  con struction spec if ications . The 
fi na l  ca pacit ies  and l ocations of tu rnou ts wou l d  be determi ned fol l owi ng 
consu l tation wi th the prospect i ve water u sers . 

Excess  earth materi a l  wou l d be d i s posed of at 
des i gnated spo i l  areas a l ong the a l i nement . Because of the deep cuts 
approach i ng most pumpi ng p l ants , i t  i s  anti c i pated that five spoi l di sposa l 
s i tes a l ong the ri ght-of-way wou l d  be requ i red . Three of the pump i ng p l ants 
( Brawl ey ,  San Xav i e r ,  Twi n  Peaks ) are proposed to be constructed concu rrently 
wi th the aqueduct . The excavated materi a l  cou l d  be u sed for construction of 
the d i kes . Therefore , the number and s i ze of spoi l s i tes may actual ly  be l ess  
than stated here . The  approx imate s i te l ocat ions and  s i zes are presented i n  
Tab l e  5 and are shown o n  F igures 1 1  through 16 . 
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Mile Station 

Tabl e 5 
Spoi l Di sposal Si tes - West S ide Pl an 

Tucson Aqueduct - Phase B 
Central Ari zona Project 

From (mi . )  To (mi . )  
Descri}tion - Spoi l Area 

Height (ft .  Width (ft . ) Length ( ft . ) 

4 . 5  5 . 2  8 380 2 , 900 
10 . 9  12 . 6  8 400 9 ,000 
14 . 4  16 . 4  8 370 10 ,600 
22 . 7  24 . 9  8 500 11 ,600 
29 . 5  30 . 8  8 560 6 , 900 

b .  Power Transmi s s i on Faci l i ties 

The West S i de transmi ss ion l i ne route fol l ows the 
water del ivery sys tem whenever pos s i b l e .  The transmi s s i on l i ne ri ght-of-way 
wou l d  be l ocated adj acent to that of the aqueduct . Deviati ons from the route 
of the aqueduct have been i nc l uded when such a des ign wou l d  reduce 
envi ronmenta l i mpacts and when cost and eng i neeri ng con strai nts req u i red such 
devi ations . Dev i at ions are i ndi cated as approximate , s i nce fi nal  des i gn 
cr iteri a wou l d i n d i cate the l ocat ion whi ch accommodates as many envi ronmental 
m it igation measures as pos s i b l e .  

The proposed West S i de transmi s s i on l i ne route i s  
shown i n  Fi gures 1 1  through 16 . As wi th a l l the routes for the west  s i de ,  the 
l i ne wou l d  beg i n  at a tap on Western Area Power Admi n i strati on ' s  exi sti n� 
Saguaro-Tucson 1 1 5 - kV l i ne . At the l ocat i on of the tap a smal l ( about 1 acre ) 
substation wou l d  be constructed . 

The transmi ss ion system for a l l west s i de 
al ternati ves i ncl udes a l i ne wh i ch wou l d  run from Western ' s  Tucson -Apache 
1 15 -kV transmi s s i on l i ne to the B l ack Mounta i n  pump i ng pl ant ( Fi gure 15 ) .  
Th i s  5 . 75 -mi l e  transmi s s i on l i ne wou l d  be l ocated a l ong Los Rea l es Road , i n  
part . I t  wou l d  run on the section l i ne al ong the northern boundaries of the 
San Xav i er and Pasqua Yaqu i I nd i an Reservati ons . Th i s  l i ne wou l d  permi t the 
transmi s s i on sys tem to be served from the north or south , i ncreas i ng the 
rel i ab i l i ty of el ectri cal power del ivery to the pumps in case of unexpected 
ou tages somewhere on the Phase B transmi s s i on system . The tota l l ength of 
transmi s s i on l i nes requi red wou l d  be approximately 33 mi l es l ong . A 
SUbstation of approximately 2 acres wou l d  be constructed at th i s  tap s i te .  

B .  Other V i ab l e Al ternati ves 

1 .  Sandari o-San Joaqu i n  P l an 

a .  Overvi ew of Pl an Concept 

Th i s  a l ternati ve i s  based on prov i d i ng an average annual 
vol ume of 16 1 , 900 acre-feet of Col orado R iver water to the Tucson Aqueduct -
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Phase B serv i ce area by means  of an aqueduct system l ocated primari ly  on the 
wes t  s i de of the Tucson Mounta ins  ( Fi gures 17 through 22 ) .  

Th i s  pl an wou l d  be mostly p i pel i ne , w ith f ive pump i ng 
pl ants to 1 i ft the water from the beg i nn i ng of the Phase B aqueduct ( 2 ,040 
feet ) to the Ci ty of Tucson ' s  del i very po i nt ( 2 ,800 fee t )  and to the south 
boundary of the San Xav i er I nd i an Reservati on ( 2 ,800 feet ) . 

A turnout wou l d  be provi ded for the Schuk  Toak  Di stri ct of 
the Papago Reservation on the Ga rc i a  Stri p ,  an eastern spur  of the Papago 
Reservation . From th i s  turnout a p i pel i ne cou l d  be constructed to the 
reservation , however ,  th i s  p i pe l i ne i s  not a pa rt of the proj ect act ion .  At 
the south boundary of the San Xav ier I nd i an Rese rvati on two turnouts wou l d  be 
needed ; one wou l d  be prov i ded for the San Xav i er Indian  Reservation , and the 
other for the town of Green Val l ey ,  the mi nes , Farmers Inves tment Company , and 
the c i ty of Nogal es .  

b .  Detai l ed P l an 

( 1 )  Aqueduct Des i gn and Components 

The total l ength of the aqueduct is 44 . 6  mi l es wh i ch 
cons i sts of 4 . 8  mi l es of concrete l i ned canal and 39 . 8  mi l es of concrete 
p i pel i ne .  The aqueduct capac i ty ra nges from 650 cfs to 200 cfs . Typi ca l  open 
cana l and pi pel i ne aqueduct  des i gns are shown i n  F igures 3 and 4 .  

The Sanda ri o-San Joaqu i n  Pl an wou l d  requ i re fi ve pump i ng 
pl ants wi th a total el ectri cal capaci ty of about 67  megawatts . Operati on of 
these p l ants wou l d  have a total average annual energy requ i rement of abou t 2 20 
g i gawatt hours to del i ver 161 , 900 ac ft of water through the system. Tabl e 6 
summari zes the re l evant pump i ng p l ant data . 

Pump i ng 
P l ant 

Tabl e 6 
Pump i ng P l ant  Data - Sandari o-San Joaqu i n  P l an 

Tucson Aqueduct - Phase B 
Centra l Ari zona Proj ect 

Locati on L i ft El ectri c Capac i t� 
(megawatts ) ( feet )  

D i scha rge Li  ne 
( length i n  feet )  

Twi n  Peaks  Sec 2 2 , Tl2S , R1 1 E  20 . 3  280 24 ,500 
Sandari o Sec 10 , Tl3S , R 1 1 E  13 . 5  2 1 1  40 , 7001/ San Xav i er Sec 14 , Tl4S , R 1 1 E  20 . 4  349 74 ,400 
Snyder H i l l  Sec 36 , Tl4S , R12 E  6 . 9  176 13 , 700-
B l ack Mounta i n  Sec 23 , Tl5S , R12E  6 . 0 270 12 ,500 

1/ The di scharge l i ne i s  19 , 700 feet l ong then b ifurcates wi th a 29 , 700 foot 
di scharge l i ne goi ng south and a 25 ,000 foot di scharge l i ne goi ng ea st  to the 
Tucson del i very poi nt .  

A surge protection s tru ctu re may be requ i red a t  the 
d i scha rge l i ne of one or more of the proposed pump i ng pl ants to overcome the 
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I e  effect of water hammer i n  the event of a rapi  d change i n  fl ow rate from a 
pump i ng p l ant ( e . g .  i nstantaneous pump shutdown due to tempora ry power 
fai l ure ) . F igures 6 and 7 depi ct a typi cal surge tank and a i r  chamber ,  
respecti ve l y .  

Addi tional ant ic i pated aqueduct components are 
summari zed on Tab l e  7 .  F igures 8-10 are photos of some of these components as  
they appear on the  Gran i te Reef Aqueduct . The tentat i ve l ocat i ons of  these 
faci l i ti es are shown on Figures 17  through 22 . 

Tabl e 7 
Aqueduct Components - Sandari o-San Joaqu i n  P l an 1/ 

Tucson Aqueduct - Phase B 
Central Ari zona Proj ect 

Structure 

Check Structures 
Tu rnouts 

Overchutes 
Si phons 
Col l ecti ve Di kes 
County Roads and 

Other Bri dges 
Wi l d l i fe Cross i ngs  
Wi l d l i fe Wateri ng S i tes 
Secu ri ty Fenc ing 

Number 

o 
9 

7 
1 

4 . 8  mi l es 

1 
2 
1 

1 1  mi l es 

w/wi l d l i fe protecti on 9 mi l es 
Rare P l ant  Land Acqu i s i ti on 640 ac res 
1 { 1 See Tabl e 4 footnote . 

S i ze or Capaci ty 

1 -1 5  cfs , 1 -25  cfs , 1 -45 cfs , 
1 -50 cfs , 1 -60 cfs , 2-100 cfs , 
2 -350 cfs 

2 -72 i nch p i pes 
1 -650 cfs 
8 to 10 feet h i gh 

HS 20 l oadi ng 

( Fence l ength i nc l udes both s i des of 
canal ) 

( 2 )  Power Transmi s s i on Fac i l i ti es 

The proposed Sandari o-San Joaqu i n  transmi ss ion 1 i ne 
rou te i s  shown i n  Fi gu res 17  through 22 . Th i s  l i ne fol l ows the proposed 
pi pel i ne al i nement wi th a devi ati on near Sandario  Pump i ng Pl ant , where i t  i s  
routed 2 mi l es to the west a l ong a n  exi s t i ng road , then travel s south for 
approx imatel y fou r  mi l es to a p i pel i ne corri dor ;  the l i ne then fol l ows the 
p i pe l i ne to rejoi n the canal  a l i nement 2 mi l es before the San Xav ier  pump i ng 
pl ant . 

The devi ati on from the cana l a l i nement was cons i dered 
as an a l ternati ve to crossi ng through Saguaro Nat ional  Monument al ong the 
Sandari o Road scen i c  route , and as  an a l ternat i ve to pass i ng a l ong the western 
edge of the monument . The 5 . 75-mi l e  Los Rea l es Road transmi s s i on l i ne 
descri bed for the Proposed Acti on wou l d be requi red . The tota l l ength of the 
l i ne wou l d  be approximately  33 mi l es .  
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.... 

2 .  Sandari o Pl an 

a .  Overv iew of P l an Concept 

Th i s  a l ternat i ve i s  based on prov i d i ng an average annual 
vol ume of  161 , 900 acre-feet of Col orado Ri ver water to the Tucson Aqueduct -
Phase B serv i ce area by means  of an aqueduct system l ocated primari ly  on the 
west  s i de of the Tucson Mounta i n s  ( Fi gures 23 through 28 ) .  

Thi s p l an wou l d  cons i st of cana l and p i pel i ne wi th f ive 
pump i ng pl ants to l i ft water from the begi nni ng of the Phase B aqueduct 
(e l evation 2 ,040 feet ) to the C i ty of Tucson ' s  de l i very poi nt (e l evation 2 ,800 
feet )  and to the south boundary of the San Xav i er Indian  Reservation 
(e l evation 2 ,800 feet ) . I t  di ffers from the West S i de Pl an i n  that 1 1 . 1 mi l es 
of canal  i s  repl aced by 8 . 5  mi l es of concrete pi pel i ne through the Avra Val l ey 
a rea . Th i s  p i pel i ne wou l d  be down Sandari o Road through Saguaro Nati onal 
Monument and adj acent to the road in a l l other areas . 

A l ong the porti on of the canal  through Av ra Val l ey ,  th ree 
turnouts wou l d  be provi ded for the Avra Val l ey I rri gation Di stri ct (AV ID ) . 
From each of these tu rnouts a p i pel  i ne conveys AV I D  water to a po i nt of 
del i very as shown i n  the West S i de Pl an .  These p i pel i nes a re not a pa rt of 
the project acti on and wou l d  be addressed in some future envi ronmental 
compl iance document .  

A tu rnou t wou l d  b e  p rovi ded for the Schuk Toak  Di stri ct of 
the Papago Reservati on on the Garc i a Stri p , an eastern spur of the Papago 
Reservation . From thi s tu rnou t a p ipel i ne cou l d  be con structed to the 
reservat ion , howeve r ,  th i s  pi pel i ne i s  not a pa rt of the project action . At 
the south boundary of the San Xav i er I nd i an Reservation , two tu rnouts wou l d  be 
needed : one wou l d be prov i ded for the San Xav ier  Ind i an Reservat i on and the 
other for the town of Green Val l ey ,  the mi nes , Fa rmers I nvestment Company , and 
the c i ty of Nogal es . 

b .  Detai l ed Pl an 

( 1 )  Aqueduct Des ign and Components 

The tota l l ength of the aqueduct i s  44 . 8  mi l es wh ich  
cons i sts of  16 . 9  mi  1 es  of  concrete 1 i ned cana l and  27 . 9  m i  1 es  of  concrete 
p i pel i n e .  The aqueduct capac i ty ranges from 650 cfs to 200 cfs . The des i gn 
of both canal  and p i pel i ne segments of  the aqueduct wou l d be s imi l a r  to those 
prev ious ly  descri bed . 

The aqueduct wou l d  dev iate from the typi cal open 
canal confi gurati on in cut secti ons approac h i ng the pump i ng pl ants and on 
re l at i vely steep c ross-s l opes al ong the baj adas of the Tu cson Mounta ins  and 
Bl ack Mounta i n  shown in F igure 3 and 4 .  

F i gu re 5 depi cts a perception o f  the deep cuts 
requ i red for approaches to two of the pumping pl ants . Most  of the permanent 
s l opes wi l l  be 2 : 1 ,  wi th some 1 -; : 1  ( p robably steeper in roc k ) .  F l atter 
sl opes , such as 3 : 1  s l opes , wou l d  be used on a l i mi ted bas i s .  
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The Sandari o Pl an wou l d  requ i re f ive pump i ng p l ants 
wi th a total comb i ned el ectri cal capaci ty of about 63 megawatts . Operation of 
these p l ants wou l d  have a tota l average annual energy requ i rement of abou t 204 
g i gawatt hou rs to del i ver 16 1 ,900 acre-feet of water through the aqueduct 
system. Tab l e  8 summari zes the rel evant pumpi ng p l ant data . 

Tabl e 8 
Pump i ng Pl ant Data - Sandari o Pl an 

Tucson Aquedu ct - Phase B 
Central  Ari zona Proj ect 

Pump i ng 
Pl ant Location 

Twi n  Peaks  Sec 22 , T12S , RI l E  
Sandari o Sec 10 , T13S , R I lE  
San Xav i e r  Sec 4 ,  T15S , R12 E  
Snyder H i l l Sec 35 , T14S , R12E  
B l ac k  Mountai n Sec 23 , T15S , R12E  

E l ectric Capac ity L i ft D i scharge L i ne 
(megawatts ) ( feet )  ( l ength in feet ) 

20 . 3  
12 . 0  
9 . 3  

12 . 4  
8 . 5  

258 
159 
157 
307 
383 

24 ,500 
27 ,300 
10 ,600 
25 ,700 
14 , 100 

A surge protecti on structure may be requi red at  the 
di scharge l i ne of one or more of the proposed pumpi ng p l ants to overcome the 
effect of water hammer i n  the event of a rap i d change i n  fl ow rate from a 
pump i ng p l ant ( e . g .  i nstantaneous pump shutdown due to temporary power 
fa i l u re ) .  F igures 6 and 7 dep i ct a typi cal su rge tank  and a i r  chamber ,  
respectively . 

Add i t i ona l ant ic i pated aqueduct components are 
summari zed On Tab l e  9 .  F igures 8-10 are photos of some of the components as 
they appear on the Gran i te Reef Aqueduct . The tentati ve l ocat ions  of these 
fac i l i ties  are shown on F igures 23 through 28 . 

Excess earth materi al  wou l d  be di sposed of at 
des i gnated spoi l areas a l ong the a l i nement . Because of the deep cuts 
approach ing two of the pump i ng p l ants , it i s  ant ic i pated that two spoi l 
d i sposal s i tes a l ong the ri ght-of-way wou l d  be requ i red . The approximate s i te 
l ocat ions  and s i zes are presented i n  Tab l e  10 and are shown on Fi gu res 23 
through 28 . 

( 2 )  Power Transmi ss ion Fac i l i ties 
The proposed Sandario  transmi s s i on l i ne rou te i s  

shown i n  F i gu res 2 3  through  28 . Th i s  route i s  presented a s  an a l ternati ve to 
l ocati ng al ong the boundary of the Saguaro Nationa l  Monumen t .  The l i ne 
dev i ates from the water de l i very system and i s  d i spl aced about one mi l e  to the 
west  i n  the v i c i n i ty of the Monument .  The 5 . 75 -mi l e  Los Rea l es Road 
transm i s s i on l i ne wou l d  be requ i red . The total l ength of thi s l i ne wou l d  be 
approximately 33 mi l es .  
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Structure 

Tab l e  9 
Aqueduct Components - Sandar io  P l an 1/  

Tucson Aqueduct - Phase B 
Central Ari zona Proj ec t 

Number Size  or  Capac i ty 

2 -550 cfs Check Structures 
Tu rnouts 

2 
9 1 -15 cfs , 1 -25 cfs , 1 -45 cfs , 

1 -50 cfs , 1 -60 cfs , 2 -100 cfs , 
2-350 cfs 

Overchutes 
S i phons 
Col l ect i ve D i kes 
County Roads and 

17  
2 

13 . 6  mi l es 

3 
9 
5 

1 to 4-72 i nch p i pes 
1 -650 cfs , 1 -550 cfs 
8 to 10 feet h i gh 

HS 20 l oading Other B ri dges 
Wi l d l i fe Cros s i ngs 
Wi l d l i fe Watering S i tes 
Secu ri ty Fenc i ng 35 . 3  mi l es ( Fence l ength i ncl udes both s i des of 

canal ) 
w/wi l d l i fe protect ion 17  mi l es 
w/tortoi se barrier  8 mi l es 

Wi l d l i fe M igration Corridor 2 , 530 acres 
l '  r See Tabl e 4 footnote . 

Mil e Station 

Tab l e  10 
Spoi l D i s posal Si tes-Sandario  Pl an 

Tucson Aqueduct-Phase B 
Central Ari zona Proj ect 

From (mi . )  To (mi . )  
Descri}tion - Spoi l  Area 

Hei ght  { ft .  Tota l Wi dth ( ft . ) Length ( ft . ) 

20 . 7  
27 . 6  

22 . 9  
28 . 9  

8 
8 

500 
560 

3 .  Sanders-San Joaqu i n  Mod i fi cation P l an 

a .  Overvi ew o f  Pl an Concept 

1 1  ,600 
6 , 900 

Th i s  a l ternati ve i s  based on prov i d i ng an average annual 
vol ume of  16 1 , 900 acre-feet of Col orado Ri ver water to the Tucson Aqueduct -
Phase B serv i ce area by means of an aqueduct system l ocated primari ly  on the 
west  s i de of the Tucson Mou nta i ns ( Fi gures 29 through 34 ) .  

Th i s  p l an wou l d be mostly p i pe l i ne ,  wi th f i ve pump i ng 
p l ants to l i ft the water from the beg i nn i ng of the Phase B aqueduct ( 2 ,040 
feet ) to the C i ty of Tucson ' s  del i very poi nt ( 2 ,800 feet ) and to the south 
bou ndary of the San Xavi er I nd i an Reservat i on ( 2 ,800 feet ) .  

A tu rnou t wou l d  be p rovi ded for the Schuk  Toak D i stri ct of 
the Papago Reservation on the Garc i a  Stri p ,  an eastern spur  of the Papago 
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Reservat ion . From th i s  turnout a p i pel i ne cou l d  be constructed to the 
reservati on , however ,  th i s  p i pel i ne i s  not a part of the project acti on . At 
the south boundary of the San Xav i er I nd i an Reservati on two tu rnouts wou l d be 
needed ; one wou l d  be prov i ded for the San Xav ier I nd i an Reservation , and the 
other for the town of Green Val l ey ,  the mi nes , Farmers I nvestment Company , and 
the ci ty of Noga l es .  

b .  Detai l ed Pl an 

( 1 )  Aqueduct Des ign and Components 

The total 1 ength of the aqueduct i s  47 . 2  mi 1 es whi ch 
consi sts of 19 . 2  mi l es of concrete l i ned canal and 28 . 0  mi l es of concrete 
p i pel ine . The aqueduct capac i ty ranges from 650 cfs to 200 cfs . Typ i ca l  open 
canal  and pi pel i ne aqueduct  des i gns  are shown i n  F igures 3 and 4 .  

F igure 5 dep i cts a percepti on o f  the deep cuts requ i red 
for approaches to most  of the pump i n g  p l ants . Most of the permanent s l opes 
wi l l  be 2 : 1 ,  wi th some l -i : l  ( p robably s teeper i n  roc k ) . Fl atter s l opes , s uch 
as  3 : 1  s l opes , wou l d  be u sed on a l imi ted ba s i s .  

The Sanders-San Joaq u i n  Mod if ication Pl an wou l d  requ i re 
fi ve pump i ng p l ants wi th a tota l el ectri cal capaci ty of about 59 megawatts . 
Operation of these p l ants wou l d  have a tota l average annual energy requi rement 
of about 193 g i gawatt hours to del iver 161 , 900 ac ft of water through the 
system . Tabl e 1 1  summari zes the re l evant pump i ng p l ant data . 

Tabl e 1 1  
Pump i ng Pl ant Data - Sanders -San Joaq u i n  Mod i f i cation Pl an 

Tucson Aqueduct - Phase B 
Central Arizona Project 

Pump i ng 
Pl ant Location E l ectr ic  Capaci t� L i ft Di schar�e Li ne 

(megawatts ) (fee t )  ( l ength 1 n  feet ) 

Twi n  Pea ks Sec 14 , T12S , R1 1 E  5 . 2  7 2  650 
Sandari o Sec 17 , T13S , R1 1E 23 . 5  367 17 , 7501/ San Xavi er Sec 4 ,  T15S , R1 1E 9 . 3  159 10 ,600 
Snyder H i  1 1  Sec 35 , T14S , R12E 1 2 . 4  319  25 , 700-
Bl ack Mounta i n  Sec 23 , T15S , R12E 8 . 5  383 14 , 100 

A surge protection structure may be requ i red at the 
d i scharge l i ne of one or more of the proposed pumpi ng pl ants to overcome the 
effect of water hammer in the event of a rapi d change in fl ow rate from a 
pump i ng p l ant ( e . g .  i nstantaneous  pump s hu tdown due to tempora ry power 
fa i l ure ) . F i gures 6 and 7 dep i ct a typi ca l  surge tan k  and a i r  chamber,  
respect ive ly .  

Addi ti ona l ant i c i pated aqueduct components are 
summari zed on Tab l e  1 2 .  F igures 8-10 are photos of some of these components 
as  they appea r on the Gran i te Reef Aqueduct . The tentati ve l ocati ons  of these 
fac i l i ties  are shown on Figures 29 th rough 34 . 
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Tab l e  1 2  
Aqueduct Components - Sanders -San Joaqu i n  Mod i f i cation P l an 1/  

Tucson Aqueduct - Phase B 
Central Ari zona Project 

Structu re 

Check Structu res 
Tu rnouts 

Overchutes 
Si phons 
Col l ecti ve D i kes 
County Roads and 

Other Bri dges 
Wi l d l i fe Cross ings 
W i l d l i fe Watering S i tes 
Secu ri ty Fenc ing 

Numbe r 

1 
9 

1 7  
1 

13 . 8  mi l es 

5 
3 
2 

40 mi l es 

w/wi l d l i fe protect i on 9 mi l es 
Rare Pl ant Land Acqu i s i tion 640 acres 

1/ See Tabl e 4 footnote . 

S i ze or Capac i ty 
1 -550 cfs 
1 -15  cfs , 1 -25 cfs , 1 -45 cfs , 

1-50 cfs , 1 -60 cfs , 2 -100 cfs , 
2-350 cfs 

2-72 i nch p i pes 
1 -650 cfs 
8 to 10  feet h i gh 

HS 20 l oadi ng 

( Fence l ength i ncl udes both s i des of 
cana l ) 

Excess earth materi a l  wou l d  be d i sposed of at des i gnated spo i l  areas 
al ong the a l i nement .  Because of the deep cuts approac h i ng most  of the pump ing  
p l ants , i t  i s  ant i c i pated that four  spo i l  d i sposal s i tes a l ong the 
ri ght-of-way wou l d  be requ i red . The approx imate s i te l ocati ons and s i zes are 
presented i n  Tab l e  13 and are shown on Fi gures 29 through 34 . 

Tabl e 13 
Spo i l  D i s posal Si tes - Sanders-San Joaq u i n  Mod i f i cation P l an 

Tucson Aquedu ct - Phase B 
Central Ari zona Project 

Mi l e  Stati on 
From (mi . )  To (mi . )  

oescri}t i on - Spoi l Area 
Hei ght  ( ft .  Wi dth ( ft . )  Length ( ft . ) 

4 . 5  5 . 2  8 380 2 , 900 
1 1 . 4  12 . 8  8 400 7 , 400 
24 . 2  26 . 4  8 500 1 1  ,600 
3 1 . 0  32 . 3  8 560 6 , 900 

( 2 )  Power Transmi s s i on Fac i l i t ies  

The proposed Sanders -San Joaqu i n  transmi s s i on l i ne route 
i s  shown in F i gu res 29  through 34 . Th i s  l i ne fol l ows the proposed aqueduct 
wi th one devi ation at Sanda rio  Pump ing  Pl ant . The 5 . 75 mi l e  Los Real es Road 
transmi s s i on l i ne wou l d  be requ i red . The tota l l ength of the l i ne wou l d  be 
approximately  34 mi l es .  
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4 .  East  S i de Pl an  

a .  Overv iew of P l an Concept 

Th i s  a l ternati ve i s  based on prov i d i ng an average annual 
vol ume of 16 1 , 900 acre-feet of Col orado R i ver water to the Tucson Aquedu ct 
Phase B servi ce area by means of an aqueduct system l ocated primari ly  on the 
eas t  s i de of the Tucson Mo�nta i ns ( F i gures 35 th rough 40 ) .  

Th i s  p l an wou l d  be mostly p i pe l i ne wi th f ive pumpi ng 
pl ants to l i ft the water from the begi nni ng of Phase B aqueduct ( 2040 feet )  to 
the Ci ty of Tucson ' s  del i very po i n t  ( 2800 feet )  and to the south bou ndary of 
the San Xav i er I nd ian Reservation ( 2800 fee t ) . One tu rnout , l ocated abou t 2 
mi l es south of Tangeri ne Road , wou l d  be prov i ded for the Avra Val l ey 
I rri gati on Di s tri ct . From th i s  turnout a pi pe/cana l del i very l i ne and two 
pump i ng p l ants wou l d  be cons tru cted by the water u sers to del i ver  CAP water to 
the Di s tri ct ' s  boundary .  Between West 22nd Street and West 36th Street , a 
tu rnout at  el evation 2 ,800 feet wou l d  be provi ded to de l i ver water to Tucson ' s  
del i ve ry poi n t .  Nea r Aj o Road a turnout wou l d  be provi ded for the Schuk  Toak 
D i stri ct .  From thi s tu rnout a p i pel ine wou l d  be constructed to the 
reservati on . At the south boundary of the San Xav ier I nd ian Reservation , two 
turnouts wou l d  be needed ; one wou l d  be provi ded for the San Xav i er Indian 
Reservation , and the other for the town of Green Va l l ey ,  the mi nes , Farmers 
Investmen t  Company , and the c i ty of Noga l es .  

b .  Detai l ed P l an 

( 1 )  Aqueduct Des ign and Components 

The total l ength of the aqueduct i s  36 . 8  mi l es wh i ch 
cons i sts of 6 . 6  mi 1 es of concrete 1 i.ned cana l and 30 . 2  mi 1 es of concrete 
p i pel i ne .  ·The aqueduct capaci ty ranges from 650 cfs to 200 cfs . Typ i ca l  open 
canal and pi pel i ne aqueduct  des i gns  are shown i n  Fi gures 3 and 4 .  

The East S i de Pl an wou l d  requ i re five pump i ng p l ants 
wi th a tota l el ectri cal capac i ty of about 59 megawatts . Operation of these 
pl ants wou l d  have a tota l average annual energy requ i rement of about 197 
g i gawatt hou rs to del i ver  161 ,900 ac ft of water through the system . Tab l e  14 
summari zes the re l evant pumpi ng p l ant data . 

Pump i ng 
Pl ant 

Ri 1 1  i to 
Cortaro 
Sweetwater 
Camino de 

Oeste 
Bl ack Mounta i n  

Tab l e  14 
Pump i ng Pl ant Data - East S i de P l an 

Tucson Aqueduct  - Phase B 
Central  Ari zona Proj ect 

Locat ion 

Sec 3 1 , T1 1S , R12E  
Sec  3 1 , T12S , R 13E 
Sec 30 , T13S , R13E 

Sec 6 ,  Tl4S , R13 E 
Sec 35 , Tl5S , R12E 

E l ectric Capac i ty L i ft D i scharge L i ne 
(megawatts ) ( feet )  ( l ength i n  feet ) 

13 . 1  181 1 0 , 200 
14 . 8  242 24 , 250 
13 . 7  223 14 , 900 

13 . 9  226 16 , 700 
3 . 5  159  5 , 050 
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A surge protecti on structu re may be requ i red at  the 
di scharge l i ne of one or more of the proposed pumping p l ants to overcome the 
effect of water hammer in the event of a rap id  change in fl ow rate from a 
pumping p l ant ( e . g .  i nstantaneous pump shutdown due to temporary power 
fa i l ure ) .  F igures 6 and 7 depi ct a typ ica l  s u rge tank and a i r  chamber ,  
respecti ve l y .  

Add i t i onal antici pated aqueduct components are 
summa ri zed on Tab l e  1 5 .  F igures 8-10 are photos ·of some of the components as 
they appear on the Gran i te Reef Aqueduct . The tentative l ocations  of these 
faci l i t ies are shown in F igures 35 through 40 . 

Tab l e 15  1 Aqueduct Components - East S i de Pl an � 
Tucson Aqueduct - Phase B 

Central  Ari zona Proj ect 

Structure 

Check Structu res 
Turnouts 
Overchutes 
S i phons 
Col l ective Tra i n i ng Di kes 
County Roads and 

Other Bri dges 
Wi l d l i fe Cross i ngs  
Wi l d l i fe Wateri ng S i tes 
Secu ri ty Fenci ng 

Number 

2 
3 

14 
1 

6 . 6  mi l es 

3 
6 
3 

14 .8  mi l es 

w/wi 1 d 1 i fe protecti on 12  mi l es 
Rare P l ant Land Acqu i s i tion 640 acres 

11 See Tab l e  4 footnote . 

S i ze or Capac i ty 

' 1 -550 cfs , 1 -650 cfs 
1- 100 cfs , 1 - 150 cfs , . 1 -350 cfs 
1 to 5-72 i nch p i pes 
1-550 cfs 
8 to 10 feet h i gh 

HS 20 l oadi ng 

( Fence l ength i nc l udes both s i des 
of cana l ) 

( 2 )  Powe r Transmi s s i on Fac i l i t i es 

In  th i s  a l ternative a 69  or 1 15-kV transmi s s i on l i ne 
wou l d  be constru cted a l ong the enti re l ength of the water del ivery system 
between the Ri l l i to and B l ack  Mounta i n  pump i ng p l ants . The l i ne deviates 
s l i ghtly from the p i pe l i ne between An k l am Road and 36th Street where i t  
fol l ows secti on l i nes i n  order to avoid  the vi sual  impacts and expense 
associ ated wi th mul t ip l e angl es . E l ectri c i ty wou l d  be s uppl i ed over a 4-mi 1 e  
l ong l i ne wh i ch wou l d  be rou ted i n  the v ic i n i ty of I ronwood H i l l  D rive and 
Grant Road to Wes tern ' s  Tucson s ubstation .  The tota l l ength of the new l i ne 
wou l d  be approximately 32 mi l es .  

C .  No Fede ra l Act ion P l an 

1 .  Ove rv iew of Pl an Concept 

A " no Fede ra l acti on "  a l ternat i ve has been devel oped i n  
accordance wi th the Cou nc i l  o n  Envi ronmental  Qual i ty ' s  ( C EQ )  regu l a t i ons . 
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Th i s  al ternat i ve w i l l al l ow compari son of the proposed action , acti on 
al ternati ves , and the al ternative of no federa l acti on . The scena rio  
descri bed is  that most l i kely to occur  i n  the  absence of  federa l cons tructi on 
of the Tucson Aqueduct - Phase B .  I t  i s  based upon di  scuss i on wi th water 
users i n  the Phase B serv i ce area , and the fact that CAP water al l ocations 
have a l ready been made for the Phase B serv i ce area . 

The CAP aqueduct wou l d  end wi th the comp l et ion of the 
Tucson Aqueduct - Phase A. A l ocal ly i mpl emented aqueduct sys tem cou l d  be 
constructed from thi s po int  to a water treatment p l ant l ocated in the v i ci n i ty 
of Mi s s i on Road and West 22nd Street ( Fi gu re 41 ) .  Th i s  system wou l d  have a 
capaci ty of 350 cub ic  feet per second ( cfs ) and del i ver mun i c i pa l  and 
i ndustria l  water to the C i ty of Tucson mun i c i pa l  water serv i ce area . 
Summaries of phys i ca l  characteri sti cs and pl an costs are shown i n  Tabl es 1 and 
2 respect i vely . The muni c i pal  serv i ce area wou l d  be s i mi l ar to that served by 
the mun i c i pal  water compan i es i n  the Tucson area . 

CAP water that had been i dent i fied for a l l ocation to 
Green Va l l ey and the Santa Cruz County users i s  assumed to be real l ocated to 
users i n  the Tucson area . No CAP water for mi n i ng or agri cu l ture wou l d be 
del i vered to the Phase B area . The sma l l CAP al l ocati on to the Pascua Yaqu i  
I nd i an Reservation ( 500 acre-feet per  year)  wou l d be  del i vered through the 
Tucson water system . However ,  i t  is assumed that no CAP del i veri es wou l d  be 
made to the Papago I nd i an Reservati on areas of San Xav i er and Schuk Toak . As 
a resul t of non-del ivery ,  damages wou l d  be pa i d  as requi red by the Southern 
Ari zona Water Ri ghts Settl ement Act of 1982 ( Pub l i c  Law 97-293 ) .  

2 .  Detai l ed Pl an 

a .  Aqueduct Des i gn and Components 

The l ength of the aqueduct i s  20 . 1  mi l es wh i ch 
cons i s ts of 6 . 6  mi 1 es of concrete 1 i ned cana 1 and 13 . 5  mi 1 es of concrete 
p i pel ine . The aqueduct capac i ty i s  350 cub i c  feet per second ( cfs ) . Typ i ca l  
open cana l and  p i pel i ne aqueduct des i gns are shown i n  F igures 3 and  4 .  The 
aqueduct wou l d  have typ i ca l  open cana l conf i gu rati on . 

The No Federal Act i on wou l d requ i re three pump i ng 
pl ants with  a tota l el ectri cal capac i ty of about 32 megawatts . Operation of 
these p l ants wou l d  have a total average annual energy requ i rement of about 1 1 1  
gi gawatt hou rs to del i ver 88 ,800 ac-ft o f  water through the sys tem . Tab l e  1 6  
summari zes the rel evant pump i ng p l ant data . 

Tab l e  16 
Pump i ng P l ant Data-No Fede ra l Action Pl an 

Tucson Aqueduct-Phase B 
Centra l Ari zona Proj ect 

PP Location El ectri c Capaci t� L i ft 
(megawatts) ( feet )  

Twi n  Peaks Sec 3 1 , T11S , R12E  6 . 2  170 
Cortaro Sec 3 1 ,  T12S , R13 E 1 1 . 5  297 
Sweetwater Sec 35 , T15S , R12E  14 . 3  366 
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( l ength i n  feet ) 

10 , 175 
3 1 , 200 
24 , 650 



A surge protect i on structure may be requ i red at the 
d i s charge l i ne of one or more of the proposed pumping  p l ants to overcome the 
effect of water hammer i n  the event of a rap i d  change i n  fl ow rate from a 
pump i ng p l ant ( e . g .  i nstantaneou s pump shu tdown due to temporary powe r 
fa i l u re ) . F i gu res 6 and 7 dep i ct a typ i ca l  s urge tank  and ai r chambe r ,  
respecti vely . 

Addi ti ona l anti c i pated aqueduct components are 
summari zed on Tab l e  1 7 .  F igures 8-10 are photos o f  some o f  the components as 
they appear on the Gran i te Reef Aqueduct . 

Structu re 

TU rnouts 
Overchutes 
S i phon 
Col l ective D i kes 
County Roads and 

Tab l e  17 
Aqueduct Componen ts - No Federal Acti on Pl an 1/  

Tucson Aqueduct - Phase B 
Central  Ari zona Proj ect 

Number 

1 
13 

1 
6 mi l es 

S i ze or Capaci ty 

1 - 350 cfs 
1 to 2 - 72 i nch p i pes 
1 - 350 cfs 
8 - 10 feet h i gh 

Other B ri dges 
Wi l d l i fe Wateri ng Si tes 
Secu ri ty Fenci ng 

2 
3 

12  

HS 20 l oading 

( Fence l ength i ncl udes both s i des 
of cana l ) 

1/  The number and type of components l i sted are assumpti ons for a 
non -federa l ,  l ocal l y  i mpl emented a l ternat i ve and do not represent a statement 
on f ina l  des i gn .  

b .  Power Transmi s s i on Fac i l i t i es 

To supply power for the aqueduct the C i ty of Tucson 
wou l d  negoti ate wi th the l ocal  el ectri c power company . The transmi s s i on l i ne 
route i s  expected to be bu i l t  paral l el and adjacent to the ri ght-of-way fo r 
the aqueduct whenever poss i b l e .  Devi at ions from the aqueduct a l i nement wou l d  
be i ncl uded when such a des i gn wou l d  reduce envi ronmental i mpacts and when 
costs and engi neeri ng constra i nts have to be accommodated . 

D .  Comparati ve Eva l uation 

Tabl e 2 i s  a comparat i ve summary of costs fo r each of the 
a l ternati ve rou tes . Tab l e 18 i s  a compa rat i ve di spl ay of the res i dua l  
envi ronmental impacts ( after mi t igat i on )  due  to construction of  any of  the 
fi ve act i on a l ternati ves and the No Federal Act ion a l ternati ve .  

E .  Other P l ans Cons i dered bu t E l i mi nated 

1 .  West S i de Mod i f i cation - Low Pressure P i pel i ne 

Thi s a l i nement wou l d  be l ocated primari l y  on the west s i de of 
the Tucson Mounta i ns and composed mostly  of buri ed ,  l ow pres su re concrete 
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• 

• 

AREA OF IMPACT 

BIOTA 
�TATION PE�,"TLY 

REIIlVED ( Acres) -
VEGETATION TEMPORARILY 
REIIlVED (Acres) 

� y  
Mov.-.nt Dfsruptfon After 

Mftfgatfon 

Potentf.l Dl'OIIIIIfng Loss After 
Mf tfgatfon 

TIIomblr's Cacti iJ �J 
T_ Globe-8e!JY � 
Desert TortofU -
GO. Monsterj[/ Harrf s H!yk "IT 10/ Kft FOll • - • -

WATER RESOURCES 
lOCAl SURFACE 

WATER 

AIIIIUAL AQUEDUCT 
lOSSES 

Evaporation . 

AIR QUALITY 

SOUND QUALITY 

VISUAL quALITY (Resfdu.l I.,act) 

lAHDS 
�rf cu l ture 

Desert Grazfng 

Prfvate Ownershfp 

CUL ruRAL RESOURCES !I 
A .... Suneyed (Acres) lj 

RECREATION 

SOCIAL I .. ACTS 
NUillbir of Reloc.tfons (.pprox .) 

*S .. page 24 for footnotes. 

TABLE 1B* 
trIIPARISON OF RESIDUAL EHVlROHMENTAL IMPACTS 

TUCSON AQUEDUCT - PHASE B CENTRAL ARIZONA PROJECT 

West Side 
Plan 

367 

2380, 

Moderate 

Low 

Hfgh 
Hfgh 

Moderate 
Moderate 

lOlll 
lOlll 

Potential Consol fdatfon .nd Redf rection of sc.e 
�nl Dr.fnages 

Ass.1II 50S Ground_ter RIc ... ".. Net LoIS of 1860 
Ac ... -Feet Per Year 

loss of 790 Acre-Feet Per 
Ye.r 

Mfnor Adverse Effects Froa 
Construction Genented 
Suspended P.rtfculates 

T IIIPOr.1'1 Df sturiluc:e to 
W f l dl ffe .nd .nnoyance to 
Rura 1 Resfdents. B luting 
Near or fn TucsOll County 
Mounufn P.rt Nay 
T.-porarf l y  Degrade 
Wfl derness Values 

Moderate 

LoIS of 96 Ac ... s 
Agrfcultu ... 

Loss of Desert 
6nzf", 011 1983 Ac ... s 

Loss of T.x �1ftUIS 
on 7lZ Acres of Priv.te 
Property Acqufred 

5189 

sanda rio-San Joaqufn 
Plan 

173 

1701 

Modera te to LOllI 

low 

lOlll 
lOlll 
lOlll 
LOllI 
lOlll 

lOlll 

Potentf.l Consol fdltfon .1Id Redf rectf on of sc.e 
Eph ... r.l Dr.fnages 

Assu.fng SOS Ground_ter Rlcllarge. Net Loss of 455 
Acre-Flit Per Ye.r 

loss of 190 Acre-Flit Per 
Ye.r 

Mfnor Adverse Effects Froa 
Constructfon &tner.ted 
Suspended P.rtfcul.tes 

TlIIPor.1'1 Dfstumnce to 
Wf l dl ffe IIId annoyance to 
Rur.l Resfdents. Bluting 
He.r or fn Tucson County 
Mountafn P.rt Nay 
T.-porarfly Degr.de 
Wf l derness V.lues 

low 

loss nf 96 Acres Agrfcultu ... • 

Loss of Desert Grufng on 862 Acres 

Loss of Tax Rev� on 319 Ac ... s 
of Private L.1Id Acqufred 

2611 

After Mftigation Studfes After Itftfgatfon Studfes, The 
The Ofstumnce or Destruc- Df sturtlance or Destructfon of 
tfon of SOt17 Sftes (EST . )  Z5d Sftes (EST.) 

600d 
low 

15 

Specfal Desfgns Would be 
Requfred fn Areas of Sub
sfdence .1Id E.rth 
Ffssurfng; Rfsk of Leak.,. 
ff Structu ... CrICks 

22 

lOlll 
10 

Specfal Desfgns Would be 
Requfred fn Areas of Sub
sfdence .1Id Earth 
Ffssuring; Rfsk of Leakage 
ff Structu ... Cr.cks 



TABLE 18 Cont. * 
C(JtPARlSON OF RESiDUAl ENVIRONMENTAL IMPACTS 

TUCSON AQUEDUCT - PHASE B CENTRAL ARI ZONA PROJECT 

AREA OF I .. ACT 
Siridlrto S.nders- Eist SI!, 
Pl.n S.n Jo.quin Pl.n � 

Modifi cation 

BIOTA 
--vm£TATIllN PE�IITLY 

REMOYED � 
YEGETATION TEMPORARILY 
REMOYED (Acres) 

� l!  

263 

1510 

Mov_t Di sruption After 
Mitig.tion 

D"*"i ng After Low 
Mitigation 

SPECIAL STATUS gmqIflM&.}ro.�nYATlIII MEASURES 
Thornber ' s  Cacti §! 91 
T_ Globe-8en'Y � 
Desert Tortoi U �r 
Gila IIonster1'D'1 Hlrris Hawk IT 
Kit Fox �1� , .!!!I 

WATER RESOURCES LOCAl SORFAtE 
WATER 

AIUIUAL AQUEDUCT 
LOSSES 

Ev.por.tion 

AIR QUALITY 

SOUND QYAL I TY 

Moder.te 
Low 

Moder.te 
Moderete 

Low 
Low 

Potlftti.l Consol idation .1Id Redi rection of s_ 
Epheler.l Dr.inages 

Auu.ing 50S GrauIId_ter 
AIchIrge , ... t Loss of 1155 
Acre-Feet Per Year 

Loss of 500 Acre-Feet Per 
Y .. r 

Minor Adverse Effects F". 
ColIs truct i 011 liIIIIr. tid 
Suspended P.rticul.tes 

TlIIpore,.,. Di sturbance to 
Wildl i fe .nd .nnoy.nce to 
Rur.l Rls1c11r1ts. Blast1ng 
lII.r or in Tueson County 
Mountain Perk May 
TlIIpor.ri ly Degr.de 
Wilderness Y.lues 

VISUAL QUAlITY (Residual l.,act) Low 

LAIIDS 
�ri cul ture Loss of 96 Acres 

Ag ricu 1 ture 

Desert Grazing Loss of DeHrt 
&raztng on 1 ,517 
Acres 

Priv.te OwRership LOIS of T.x RevInuII 

CUlTURAL RESOURCES !J 
011 674 Ac res of PriY. te 
Property Acqui red 

A .... SuI"ftYICi (Acres) !J 3865 

289 
2340 

Low 

Low 

Moder.te 
Low 
Low 
Low 
Low 
Low 

Potlftti. l  Consol idation 
.nd Redirect i 011 of s_ 
Ephelerel Dr.i nages 

Assuaing 50S Ground_ter 
Recharge, lilt Loss of 12SO 
Acre-Feet Per Ye.r 

Loss of 530 Acre-Feet Per 
Ye.r 

Minor Adverse Effects F". 
ConstructiOll liIIIIr.tId 
Suspended P.rticul.tes 

TlIIporery Di sturbance to 
Wi ldl i fe .nd .nnoy.nce to 
Rur.l Rlsi cllrlts. Bl.sting "e.,. or i n  TuesOll County 
IIoUIIta1n P.rk May 
TlIIpor.ri l y  Degr.de 
Wi l derness Y.lues 

Low 

Loss of 96 Acres 
Agr1cu 1 ture 

Loss of Desert 
&raz1ng 011 1 ,802 
Acres 

Loss of T.x Ri¥enues 
011 724 Acres of Pri'llte 
Property Acqutred 

3878 

After MtttgattOll Studt.. After Mttt9lttOll Studt .. 

RECRfATlO!! 

SOC tAL U.ItCTS 

TIle Ot sturbance or DIItruc- TIll Disturbance or Deltruc-
tton of 37t13 sttes ( EST. ) t1011 of 37t13 S1tes (EST. ) 

Moderate 

Low 

Moderete 

Low 

...... r of Reloc:.ttOlls (a",rox . )  10 7 

*Se1 pege 24 for footnotes 

Spec1.1 Des1 111s IIould be 
R1q111 red in Areas of Sub
s t dlnee .nd Ea rth 
Ft ssuring ;  R1sk of Le.kage 
tf Structure Cr.cks 

Spec1.1 Destgns WOUld be 
Requ1red in Areas of Sub
s 1 deftce .nd E. rth 
F1 ssur1ng; R1sk of Le.kege 
if Structure Cracks 
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ISO 

2389 

Low 

Low 

High 
Low 
Low 
Low 
Low 
Low 

Potential Consol idation 
.nd Redirect10n of s_ 
Epheler.l Dr.1 nages 

Ass.tng 50S Ground_ter 
Recharge , /let Loss of 475 
Acre-Feet Per YHr 

Loss of 210 Acre-Feet Per 
Vear 

Potellt1.1 AdyerN Effects 
F". Construct1on &lner.tId 
Suspended P.rticul.tes 

T IIIpor.,.,. 01 s turbance to 
Wi ldl ife .nd .nnoy.nce to 
Rural Res1c11r1ts. Bl .st1ng 
.... r or 1n Tucson County 
Mounta1n Perk May 
TlIIpor.r1 1 y  Degrede 
W1 1 derness V.lues 

Low 

LosS of 123 Acres 
Agriculture 

Loss of Desert 
Graz1ng 011 1 ,367 
Acres 

Loss of Tax ReYIfIUIS 
011 902 Acres of PriYate 
Property Acqutred 

4350 

After M1ttgat1011 Studt es, TIll Dt sturballCl or Destruc
ttOll of 41t14 sttes ( EST. ) 

Low to "'
Moderete 

Speci.l DIItgns WOUld be 
Requ1red tn Areas of Sub
s 1 cllrlce .nd E. rth 
Fi ssur1 ng; Rtsk of LHk.ge 
1f Structure Cr.cks 

No Feder.l Action 

135 

1391 

Low 

Low 

Low 
Low 
Low 
Low 
Low 
Low 

Potenti.l Consolid.tion 
.nd Redi rection of s_ 
Epheler.l Dr.i nages 

Assu.ing 50s Ground_ter 
Reclllrge , ... t Loss of 950 
Acre-Feet Per Ve.r 

Loss of 200 Acre-Feet 
Per VHr 

Potelltial Adverse Effects 
F". Construct1on Gener.ted 
Suspended P.rticul ates 

TlIIpor.ry Di sturb.nce to 
W1 1dl i fe and annoy.nce to 
Rural Residents. Blasting 
.... r or in Tucson County 
Mountain P.rk May 
TlIIpor.r1 1y Degr.de 
Wi l derness V.lues 

Low 

No Loss of Agricul tur.l 
L.nds 

Loss of DeHrt Grazing on 
447 Acres 

Loss of T.x Revenues 
011 521 Acres of Pri v.te 
Property Acqui red 

1263 

After Mtt1gatiOll Studies, The D1 sturbance or Destruc
t1011 of 12t4 sttes ( EST . )  

Low to Moder.te 

Moderate 
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Subsidence .nd E.rth 
Ftssur1ng Would Not be • 
Proble. With This Al ign.ent 

• 



Footnotes for Tab l e  18 

11 Prel imi nary recommendati ons as of September 22 , 1983 . Extent of 
impacts and mi ti gati on not yet fi nal i zed . These mi ti gati on 
measures are the subject of ongo i ng studi es .  

1I Incl udes 17 . 6  mi les Avra Val l ey I rri gation Di strict Feeder l i ne on 
the west s i de of Tucson Mounta i ns . 

3/ li sted i n  Threatened Nati ve Wi l d l i fe of Ari zona , Ari zona Game and 
Fi sh Commi ssion , 1982. 

7/ 

Being considered for Federal l i sti ng as a Threatened Spec i es ( FWS 
memo to U . S .  Bureau of Recl amati on , September 7 ,  1983 ) .  

Severa l C l ass I I I  surveys conducted i n  the v i c i n i ty of the Tucson 
Aqueduct Phase B i nd i cate a s i te dens i ty of 6 . 1  s i tes per square 
mi l e .  Thi s  figure represents a fai rl y  accu rate stati stical 
estimate and shou l d  be vi ewed in that l i ght .  The actual s i te 
dens i ty cou l d  range form 4 . 0  to 8 . 2  s i tes per square mi l e  ( � 2 . 1  
s i tes per square mi l e )  at a 90 percent confi dence i nterva l . 

These estimates do not i nc l ude estimates for aggregate sources , 
haul and access roads , construction stagi ng areas , or transmi ssion 
l i ne ri ght-of-ways , wh i ch may requ i re some add i ti onal acreage . 
Temporary di sturbed area i n  excess of the pi pel i ne R-O-W a l ong a l l 
pi pel i ne i s  i ncl uded . 

Need for ,  or extent o f ,  mi ti gati on i s  unknown . Tel emetry studi es 
at the time of construction wi l l  prov i de th i s  i nformation . 

Candi dates for proposa l as th reatened' or endangered spec i es .  
10/ On BlM l i st of sens i ti ve spec i es .  
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pi pel i ne wi th s i x  pump i ng pl ants . A surrunary of phys i cal  characteri sti cs i s  
shown i n  Tabl e 19 . Costs are g i ven i n  Tabl e 20 . 

o 

o 

2 .  

The pl an was el i mi nated for the fol l owi ng rea sons : 

The Low Pres sure P i pel i ne P l an i s  l ess cost effect i ve than the 
West  S i de Pl an . 

The tradeoff ( i . e .  cost )  for ma rg i na l ly reduced envi ronmental 
impacts was found not to be acceptab l e .  

CAP/ Fl oodwater Recharge Pl ans 

The CAP/Fl oodwater recharge pl ans were i n i t ia l ly proposed to 
Recl amat i on by Dr . C .  Brent C l uff , an assoc iate hydrol og i s t at the Un ivers i ty 
of Ari zona , Tucson , Ari zona . A compi l at i on of data , numerou s reports , and 
rel ated correspondence i s  part of the offi c i a l  fi l es at  the Ari zona Proj ects 
Off ice , Phoen i x ,  Ar izona . Th i s  extens i ve col l ect ion of materia l  descri bes the 
proposa l s  in deta i l  and i s  ava i l abl e for publ i c  rev i ew .  

Two CAP/ Fl oodwater recharge pl ans were cons i dered . One uses an 
al i nement on the east s i de of the Tucson Mou nta i ns and c l osely resembl es that 
proposed by Dr. Cl  uff .  Another uses the Bu reau 1 s proposed al i nertlent on the 
west  s i de of the Tucson Mou nta i ns .  Both pl ans were based on the premi se that 
the Ci ty of Tucson , De l Lago , Fl owing Wel l s  I rri gati on Company , Ra nch Lands 
Water Company , Midva l e  Farms Water Company , Ari zona Game and Fi sh Department , 
and the Pasqua Yaq u i  CAP wate r a l l ocat i ons and captu red fl oodwater from the 
Santa Cruz R iver wou l d  be recha rged i nto the groundwater aqu i fer .  

The fol l owi ng streams were i dent i f i ed as  recha rge cou rses : 
Pantano , Tanque Verde , Ri l l i to ,  and Santa Cruz . Once recharged , the C i ty of 
Tucson ' s  ex i st i ng wel l fie l d wou l d  be u sed to recover water from the aqu i fer .  

A summary of  physi cal  characteri sti cs i s  shown i n  Tabl e 19 . 
Costs are shown i n  Tab l e  20 . 

o 

o 

o 

These a l ternati ves we re el imi nated for the fol l owing reasons :  

The CAP/Fl oodwater p l ans  are l ess cost effect ive than the West 
S i de Pl an .  

Lack of su pport from the C i ty of Tucson . 

Lack  of support from SAWARA . 

The C i ty of Tucson ' s  l ack  of su pport i s  documented i n  a report 
enti tl ed "Ana lys i s  of CAP/Fl oodwater Recharge Al ternat i ve " . Al though SAWARA 
d i d  not su pport Dr . C l uff ' s  proposa l , they d i d  pass a general resol ut ion i n  
favor o f  groundwater recharge . 

3 .  Underground Power Transmi s s i on System 

Al though  there has been underground construction  of 
transmi ss i on systems i n  the Uni ted States s i nce the l ate 1920 ' s  for 
l owe r-vol tage d i stri bution l i nes and some h i gh-vol tage ( HV )  systems , most HV 

----�- ---- - --
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Conve�ance Faci l i ties (Mi les) 
Road 

Ma in Agueduct 
Canal 
Pipe 

Subtotal 

Indian Del ive� Line 
Canal 
Pipe 

Subtota l 

Avra Va l l e� De l ive� Line 
Canal 
Pipe 

Subtotal 

Recha�e Piee l i nes 
Canal 
Pi pe 

Subtotal 
Total 

pU�i ng P lants (No . 1  
a1n l{gueduct 

Indian Deliverf Line 
l{vra Vallel De·ive� L i ne 
Recharge P-e!llnes 

Total 

Ri�ht-Of-Wia (Acres ) 
ain l{gu uct 

Canal 
Pipe 

Subtotal 

Indian Del iver� Line 
Canal 
Pipe 

Subtota I 
Avra Val le� Del i ve� L i ne 

Canal 
Pipe 

Subtotal 

Recha�e Pie!l i nes 
Canal 
Pipe 

Subtotal 

l2!!l 
Power R�ui reaents 

Ril n �ueauct 
Loa {MW' 
Energy (GWH) 

Indian Del i ve� Line 
Load (RW) 
Energy ( B&W ) 

Avra va l l� Del i ve� Line 
Loaa ( ) 
Energy ( B&W ) 

Rechaiae PiJel i nes Y 
Loa (l11li 
Energy ( B&W ) 

Total 
--Load (MW) 

Energy (GWH ) 

Table  19 
Phys i cal  Characteristics of 

Al ternatives El imi nated 
Tucson Aqueduct - Phase B 

Central Arizona Project 

West Side 
Recharge P l an 

32.3  10.2  � 

0 2 .4  r.4 

0 0 If 

7 . 5  34. 8  lD 87.2 

5 0 0 6 1T 

2100 125 'm5' 

0 30 'E' 

0 0 If 

105 0 M 
2360 

33 . 3  121 . 5  

0 0 

0 0 

15 . 5  38 .4  

48 .8 159 .9  

East Side 
Recharge P l an 

1 1 . 9  23 .2  � 
11 

4 . 7  17 .0  TI:i 

2 . 1  28 .3  Y.l 87 .2 

5 2 1 3 IT 

800 290 � 
11 

775 135 m 

35 25 bIl' 
2060 

38.3 147. 3  

0 0 

1 . 4  3 . 6  

4 . 3  31 .9  

44 .0  182 . 8  
11 Incl uded with Avra Val ley de l i very l i ne. 

Y Incl udes pump located at the reservoi r. 
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West S ide 
Modification 
Low Pressure 
Pipe l i ne 

1 1 . 9  23 . 2  � 

0 2. 4 r.4 

0 0 If 

0 0 If 37.5  

6 0 0 0 r 

0 575 � 

0 30 'E' 

0 0 If 

0 0 If 
605 

52.0 170 .8 

0 0 

0 0 

0 0 

52 .0 170 .8 



Tabl e  20 Jj 
Compa rat i ve Costs of 

Al ternati ves El imi nated 
(Al l Costs Are In Thousands Of Dol l ars ) 

( January 1985 Pri ce Level s )  

Aqueduct 
Indian Del i very L i ne 
Avra Val l ey Del i very L i ne 
Storage S i te ,  D i vers i on Works , 

Channel and Road Relocation 
Recharge Aqueducts 
Relocation 
Effluent Bypass Pi pel i ne 
Water Treatment Pl ant 

and Di stri buti on System l! 
Col l ection System 

TOTAL FIELD COST 
Noncontract ( 251 ) 

TOTAL CONSTRUCT ION COST 
Interest Duri ng ConstruCl1on 11 
Mi tigation - Biol ogi cal - 5 1 

- Cul tural Resou rces � 

TOTAL CAPITOL COST 

(OM&R) - Aqueduct & Pumping P l ants 
- I nd i an Del i very L i ne 
- Avra Val l ey Del i very L i ne 
- Storage S i te ,  D i version 

Works , Channel , and waterway 
from aqueduct to reservoi r  

- Recharge Aqueducts 
- Effl uent Bypass P i pel i ne 
- Water Treatment Pl ant 

and D i stri bution System 
- Co l l ect i on System 

Energy - Aqueduct & Pump i ng Pl ants 
- Indian Del i very L i ne 
- Avra Val l ey Del i very L i ne 
- Storage S i te Pumpi ng Plant 
- Recharge Aqueducts 
- Water Treatment P l ant 

and Di stribution System 
- Co l l ection System 

TOTAL (OM&R ) COST 

ANNUAL EQUI VALENT OF CAPITAL COST §! 
Va l ue of Water Loss Through 

Evaporation 
Val ue of Fl oodwater 
Val ue of Water Loss to 

Tucson Water 

TOTAL ( O& R )  COST 
TOTAL ANNUAL COST 

West Side 
Recharge Plan 

182 ,105 
1 ,845 o 

100,772 
147,121 

327 
3 , 232 

27 ,972 

463 ,374 
115 ,843 

579 ,217 
110 ,413 

8 ,833 
1 ,000 

699 ,463 

1 ,586 
60 o 

624 
917 

18 

o 
793 

8 ,110 o o 
28 

4 ,861 

o 
4 ,991 

21,988 

53 ,368 

8/ 
(3,23;) JlY 
5 ,306 .llI 

21 ,988 
77 ,425 

11 Libels fn tIIf .  tIIIl . ... lat. to functfon 1l1li not to fulMlfng 
.... pon.fbf l f t1. 

y Co.ts oIItsfMd fl'Gll Tuc.on II&t ... Itsff have b_ up4Ited to U85 
prfce , ... h. 
Inte .... t du .. f", conltructfon 11  ba.ed on I 5-,.. .. COIIItructfon 
pe .. fOCl Ind In fnte .... t Ate of 7.625 percent. 

Eltf .. ted .ftf�tfOli •• pendf tu ..... 

These 1IUIIbe ... I ... Htf .. tel; .. IXf_ .ftf�tfon expendftu ... Clft be 
up to 1 percent of tots 1 coni truct f on COl ts. 

East Side 
Recharge Plan 

208 ,182 
7/ 

44 ,63ll' 

104 ,554 
92 ,326 

3·27 
3 , 232 

27 ,972 

481 ,223 
120 ,307 

601 ,530 
116 ,245 

7 , 284 
1 ,000 

726 ,059 

1 ,155 
7/ 

26"2' 

659 
520 

18 

o 
793 

8 ,783 

24¥ 
191 

2 ,321 

o 
4 ,991 

West S i de 
Mod i f i cation 
Low Pres sure 

P i pel i ne 

375 ,943 
1 ,845 o 

377 ,788 
94 ,447 

472 ,235 
90 ,539 

1 ,727 
1,000 

565 ,501 

1 ,307 
62 o 

o o o 
o o 

6 ,864 o a o o 
o o 

19,934 

55 ,397 

8/ 
(3 ,23;) 10/ 

8 ,233 

43 ,147 

o 

5 ,306 .llI 
19 ,934 
77 ,400 

West S i de 
P l a n  

W i th Tucson 
Treatment Plant 

213 ,813 
1 , 064 o 

o o o o 
60 ,081 

__ 0 

274 ,958 
68 ,740 

343 ,698 
66 ,503 

4 ,169 
1 , 000 

415 ,370 

1 ,934 
41 o 

o o o 
1 ,544 o 
6 ,700 o a o o 

o o 
10 , 219 

31 ,692 

524 'jj o 

§! F_llted blsed III! 100.,.. .. project 1 ff. 1l1li In fnte .... t "'te of 7 .6%5 perceIIt. 

11 hleluded fn A .... Vlll.,. _If"1'1 If .. COlts. 

!I AI_ 110 .. ,po .. ,tfon lOSIH. 1IIMftr'. evaporation ''''In _ld 
occu .. ...... Wlte .. 11  ",'used to tile It.....-.cl •• 

'11 AI_ v.I. of lllte .. It S200 pe .. ac ... ·foot. 

W AI_ 23.120 Icre-fNt pe .. ,.. .. of fl oodlllter _ld be CIPtu"!d. 70S _ld b. rec_red Ifte .. reclla.,f", It I vllue of S200 per acre-foot • 

.!!I T111 I  tf_ rep ....... ts tile value of WIt ... lOll to Tucson II&te .. due to 
tllef .. fnabf l f t1 to recove .. 1001 of tile _nt of wlte .. rechlrged. 
AI_ Tucson II&te .. _ld recefve 1ft Iverlga of 88 .438 Ic ... -fHt 
pe .. ,.. .. fro. CAl. 70s would be recovered afte .. rechl.,f", It I 
vel. of $200 pe .. ac ... -foot. 
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( greater than or equal to 69-kV ) i nstal l at ions have been con structed i n  
congested urban areas , o r  as  l eads from generati ng p l ants o r  to substat i ons . 
I t  i s  important to note that techno l og i ca l  requ i rements for underground HV 
transmi s s i on l i nes are ma rked ly  d i ss i mi l a r to those for l ower-vol tage 
d i stri but ion transmi s s i on l i nes . Undergrounding of HV transmi s s i on l i nes i s  
vas tly more comp l ex and costly , primari ly because o f  prob l ems associ ated wi th 
d i s s i pat i ng cab l e heat .  

Des i gn parameters and  thermal l i mi tat i ons  proh i b i t  the u se  and 
appl i cation of underground transmi s s i on cab l e  systems for l ong-di stance 
transmi s s i on .  For these reasons a l one , wi thou t con s i deration of the cost 
factor , wi th notab l e  excepti ons ( submarine ) , there are few underground 
transmi s s i on systems in the Uni ted States at vol tages 1 15-kV and above 
exceed i ng approx imately 15 mi l es .  

Of the underground transmi s s i on cabl e systems i n  serv i ce , or 
concepts under devel opment ,  only two cabl e  systems are feas i b l e  (or v i ab l e )  
for i nstal l ati ons of approx imate ly 1 5  mi l es .  These are the h i gh-pressure 
oi l -fi l l ed p i pe-type ( HPOF )  and l ow-pressure o i l -fi l l ed sel f-conta i ned ( SCOF ) 
cabl e  systems . The preference i n  the Un i ted States for HPOF cabl e systems i s  
based on the i r  re l at i ve ruggednes s ,  l ower i nsta l l at ion costs , reduced 
obstruction of veh i cu l a r and pedestrian traffi c ,  and avoi dance of congestion 
during i nstal l at i on . 

The bas i c  cost of undergrou ndi ng a 1 1 5-kV 1 i ne u s i ng an HPOF 
cab l e  system wou l d  be approx imately $ 1 . 3  mi l l ion per mi l e .  I n  add i ti on to the 
cab l e ,  p i pe and o i l , anci l l ary fac i l i t ies  ( s uch as  cabl e termi nators , 
oi l -pressuri z i ng and pump i ng stati ons , and reactor stat i ons ) wou l d  be requ i red 
to compl ete the underground system . Oi l -pressu ri z i ng and pump i ng-pl ant 
fac i l i t ies  that wou l d  be requ i red every 7 to 10 mi l es a l ong the transmi s s i on 
route wou l d  cost approximatel y $233 ,000 per stat i on ( i n  1981 dol l a rs ) , and 
terminati on- stati ons  at each of the two substati ons wou l d  cost approx imately 
$106 , 000 per stati on .  In  bri ef , tota l est imated costs for undergrou nd i ng a 
1 1 5 -kV transmi s s i on l i ne wou l d  be rough ly  8 to 10 times the cost of 
constructing an overhead system of compa rabl e  capab i l i ty .  

Technol ogy i s  ava i l ab l e  for a n  underground 1 15 -kV transmi s s i on 
l i ne ; howeve r many probl ems ex i st .  Among the adverse i mpacts assoc i ated are :  

a .  An above ground swi tchyard ( 50 '  x 50 1 )  wou l d  be req u i red eve ry few mi l es 
on the ri ght-of-way and wou l d  have some adverse v i sua l  effects . 

b .  Any ma i ntenance wou l d  requ i re that the ea rth be redug to get to the 
o i l -pres suri zed condu i t  wh i ch wou l d  i n s u l ate the l i ne .  Some l eakage of 
oi l can occur .  We expect that new EPA regu l ations  wi l l  regu l ate very 
sma l l amounts of oi l -spi l l age . Oi l sp i l l s  near dra i nages may contami nate 
water runoff and wou l d  damage wi l d l i fe resou rces . 

S i nce revegetation of c l eared areas may not occur  i n  the l i fe 
of the proj ect ,  the c l eari ng assoc iated with an underground tran smi s s i on l i ne 
wou l d  produce an add i ti ona l adverse impact to vegetation becau se i t  wou l d  
requ i re c l eari ng an area approx i mately 150 to 200 feet wi de .  An overhead l i ne 
on the other hand , on ly requ i res one pol e  every 450 feet a l ong the 
righ t-of-way . Each pol e  l ocat i on d i stu rbs  about a 6 foot area . The rema i n i ng 
area can stay vegetated for wi l d l i fe use , v i sual  benefi ts , and soi l eros i on 
prevention . 
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Western pl ans to use ex i sti ng roads , access roads , and the 
aqueduct ri ght-of-way access roads wherever poss i b l e  to redu ce adverse i mpacts 
to the vegetation . Di sturbances wi l l  be he l d  to a mi n i mum . Impacts wou l d be 
s imi l a r for the roads fo r both underground and above ground transmi s s i on 
systems . 

Cons idering the techn i cal  compl i cations , economi c and 
envi ronmental costs , and acces s i b i l i ty ,  an underground HV system was rej ected 
as an a l ternat ive transmi s s i on system . 
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I I I .  A F F E C T E D  E N V I R O N M E N T  
A N D  E N V I R O N M E N T A L  
C O N S E Q U E N C E S  





I I I .  Affected Envi ronment and Envi ronmenta l Consequences 

The a rea defi ned by the a l ternati ve aqueduct routes i s  typi ca l  of Sonoran  
desert in  sou th-centra l  Ari zona and  is  characteri zed by desert mounta i n  ranges 
gently  s l op i ng down to broad and nea rl y fl at al l uv ia l  basi ns . 

I nterstate H i ghway 10 and the C i ty of Tucson border the Phase B area to 
the east , w i th Avra Va l l ey forming  the western bounda ry .  The Phase B area 
beg i ns at 1 - 10 near the town of Ri l l i to and termi nates on the south boundary 
of the San Xav ier  Ind ian  Reservation . 

The c l imate i s  characteri zed by l ong hot sununers , short mi 1 d wi nters , 
sparse ra i nfa l l periods that occu r twi ce a year  i n  wi nter and l ate summer , l ow 
re l at ive humi d i ty ,  and h i gh rates of evaporati on . Average annual 
prec i pi tation is about 11 i nches . Vegetat ion i s  typ i ca l  of the sou thwestern 
desert scrub formation , wi th creosote-bursage on the p l a i ns and l ower s l opes , 
the pal overde-mi xed cacti on the coa rse soi l s  of the upper s l opes , mesqu i te 
bosque al ong the major drai nages and desert grass l and i n  the southern ha l f  of 
the area . 

Ground water pumped from the a l l uv i a l  bas i ns i s  the p ri n c i pal  sou rce of 
water i n  the study area , wi th most  water bei ng u sed for i rri gated agri cu l ture . 
Ground water withdrawal exceeds natura l  recha rge ( overdraft ) and has resu l ted 
i n  extens i ve water tab l e  decl i nes over the l ast 55 years . 

The predomi nant l and u ses i n  the Phase B area are res i dent i al , farmi ng , 
graz i ng and recreation . Most  of the farml and i s  on the north end of the Phase 
B area . The graz i ng is prima ri ly  to the south on the San Xav i er I nd ian 
Reservati on . Res i dent i al devel opment i s  concentrated i n  Tucson east of the 
Tucson Mountai ns but i s  i ncreasi ng on the south and west  s l opes , espec ia l ly i n  
Avra Va l l ey .  There are two natu ra l  preserves i n  the Tucson Mounta i ns area 
wh i ch rep resent major rec reat ion resou rces , the Saguaro Nat i onal Monument and 
the Tucson Mounta i n  Park . Several l arge tracts of l and i n  Avra Val l ey are 
reti red farml and owned by the C i ty of Tucson . 

W i th i n  each envi ronmental top i c  or area of i nterest , a conunon format has 
been genera l ly fol l owed .  The exi st i ng cond i ti ons are fi rst descri bed , then 
the envi ronmenta l impact ana lys i s ,  fol lowed by a compa rative analysi s of the 
s i x  a l ternative routes . Indi rect impacts and short-term and l ong-term effects 
are al so addressed . 

A .  B io l og i ca l  Resou rces 

I n  February 1981 , the Bureau of Recl amation contracted wi th the 
Ari zona Game and Fi sh Depa rtment ( AGFD ) to prov i de b i ol og i cal  reconnai ssance 
for the area of Tucson Aqueduct Phase B ,  Centra l Ari zona Project . Two ma i n  
objecti ves o f  th i s  three yea r study were to prov i de the Bu reau wi th 
adequate b i o l og i ca l  data to address envi ronmenta l i ssues and to provi de 
AGFD personnel with  data to s uggest reasonab l e  and appropri ate 
mi t igation measures (AGFD 1983 ) .  

A project-speci fi c '  report was wri tten by the F ish  and Wi l d l i fe 
Servi ce ( FWS ) under the F ish  and Wi l d l i fe Coordi nati on Act ( FWS 1984 ) wh i ch 
descri bed the exi st i ng envi ronment of the study area and the effects and 
poss i b l e m it igati on for the vari ous al ternative al i nements of the aqueduct . 



The Phase B Proposed Ac ti on i ncl udes measures to m it i gate the 
adverse effects of proj ect cons truction  on b i o l og i cal  resou rces . These 
measures were devel oped i n  coord i nation wi th personnel from the AGFD and the 
FWS and are based i n  part on the recommendati ons of the Fi sh and Wi l d l i fe 
Coordi nati on Act Report . These recommendations i ncl ude wi l d l i fe fenci ng and 
cross i ngs a l ong the canal al i nement ,  revegetati on of d i sturbed areas , torto i se 
barri ers i n  i dent i f i ed areas , mod i f i cat i on of overchu tes and road cross i ngs to 
perm i t  wi l d l i fe use , devel opment of water s i tes away from the aqueduct , 
acqu i s i ti on of a 4 . 25 square mi l e  area for use  as a wi l dl i fe movement 
corri do r ,  l i mi t i ng cons truction d i sturbance duri ng c ri t i cal  peri ods i n  
i dent i fi ed areas , mon i tori ng right-of-way areas du ri ng construction to remove 
wi l d l i fe ,  raptor-proofi ng powerl i nes to prevent el ectrocut ion , and mon i tori ng 
stud ies to determ i ne i f  add i t i onal m i t i gat ion is needed for such spec i es as 
the k i t  fox . 

A p l ant su rvey of the Wes t S ide Pl an a l i nement was conducted by the 
Non -Game B ranch of the AGFD to determi ne i f  any State or Federa l ly  l i sted 
spec i es were present . The Thornbe r ' s f i shhook cactus ( Mammi l l a ria thornbe ri ) 
and the Tumamoc gl obe-berry ( Tumamoca macdouga l i i )  were found on the 
al i nement . The Mammi l l ari a thornberi has been proposed as a Fede ra l ly 
th reatened speci es and the FWS has prepared a 1 i s t i ng package for Tumamoca 
macdougal i i  and th i s  pl ant may be proposed as a Federa l ly endangered speci es 
i n  the nea r future . A th i rd spec i es , Sheer ' s  strong-spi ned cory cactu s 
( Coryphantha scheeri var. robusti spi na ) was found at one l ocat i on on the 
al i nement . I t  i s  a Category One speci es wh i ch means  that suffi c i ent 
i nformation is ava i l abl e to support propos i ng it for l i st ing , al though no 
l i st i ng is anti c i pated in the near future .  Two other spec i es , n i ght-bl oom i ng 
cereus ( Peni ocereus greggi ; )  and Pri ngl e ' s  l i p fern ( Chei l anthes pri ngl e; ) ,  
were al so found . However ,  suffi c i ent i nformation i s  unavai l ab l e  a t  th i s  time 
to support Federa l l i st i ng for these two spec i es .  

1 .  Descript i on of Cond i t i ons 

The s tudy area 1 i es w ith i n  the Sonoran Deserts crub  Reg i onal 
Formation ( B rown et al . 1979 ) , al so referred to as the Lower Sonoran L i fe Zone 
( Lowe 1964 ) . The major p l ant commu n i ties in the area are the creosote-bu rsage 
commu n i ty ,  the pal o verde-mi xed cacti commu n i ty ,  the desert grassl and 
communi ty ( p redomi nantly sh rub -scrub ) ,  much  of i t  in d i scl imax due to 
l ong-term over-g raz i ng ,  and the mesqu i te bosque commu n i ty .  I n  genera l , the 
creosote-bu rsage commun i ty occu rs on the fl atte r areas that have f i ne al l uv i um 
so i l , the pal ove rde-mi xed cacti communi ty occu rs on the bajadas and footh i l l s  
of the mou nta i ns where soi l s  are more coa rse , the desert grass l and commun i ty 
occu rs on the southern hal f of the Phase B area and the mesqu i te bosque 
communi ty occurs a l ong the major dra i nages . 

a .  Vegetation  

Seven natu ral vegetative commu n i t i es were c l ass i fi ed 
wi th i n  th i s  study area ( Fi gure 42 ) :  desert grass l and ( s hrub-scrub  d i scl imax 
and mi xed grass scrub ) , creosote-bu rsage , pal ove rde-mi xed cact i , 
eri ogonum-agave , sal tbush , mesqu i te bosque , and mi xed ri parian woodl and . Two 
of  these , the eri ogonum-agave and sal tbush  commu n i t i es , we re found i n  l imi ted 
areas . The mi xed ri pari an woodl and habi tat i s  i nc l uded wi th the mesqu i te 
bosque hab i tat i n  F i gure 42 . 
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Spec i es composi t ion , as  determi ned on l i ne-i ntercept 
transects , reveal ed that the pal overde-mi xed cacti hab i tat had s i gni fi cantly 
more p l ant spec i es than a l l other types .  The next most d i verse habi tats were 
desert grass l and and mixed-ri parian woodl and . Creosote-bu rsage and mesqu i te 
bosque were l east  di verse .  The mean percent cover amon� the hab i tat types 
sampl ed was l owest in creosote-bu rsage ( 20 percent ) and h i ghest i n  
mi xed-ri pa rian woodl a nd (45 percent ) . Percent cover and b iomass  production 
was greatest i n  the two ri parian hab i tats and l owest i n  the desert grass l and . 

( 1 )  Desert Grass l and 

Thi s semi -desert commu n i ty i s  domi nated by grasses 
and other herbaceous  p l ants . Grassl ands of two di fferent c l imati c  zones occur  
i n  the  study area . A wa rm temperatu re grassl and wh i ch is  l ocated on  Wasson 
Peak i s  subj ected to freez i ng temperatures of short du ration i n  most years . 
Th i s  sma l l area i s  dominated by mi xed grasses and mi xed scrub spec i e s .  A few 
chaparral spec ies al so ex i st i n  the Wasson Pea k desert grass l and ( B rown 1978 ) . 

The majori ty of desert grass l and in  the study area 
occu rs i n  the sub-trop i cal  cl imat i c  zone wh i ch has i nfrequent 24-hour peri ods 
of freez i ng temperatu res . These sub-trop i ca l  grassl ands are c l ass i f i ed as 
shrub-scrub d i scl imax habi tats . The d i scl imax state appa rently resu l ted from 
l ong term overgrazing by l i ves toc k .  Mesqu i te ( Prosopi s j u l i fl ora ) i s  the 
domi nant tree or scrub spec ies . Burroweed ( Hapl opappus tenu i sectu s )  and broom 
snakeweed ( Guti errez i a  sarothrae ) are the ma i n  shrub speci es . Both shrub 
spec i es are i ndi cators of heavy graz i ng by l i vestock ( Parker 1972 ) .  

( 2 )  Creosote-Bu rsage 

Th i s  hab i tat i s  one of the two pri nci pal b i ot i c  
communi t ies that evol ved i n  the Sonoran Desertscrub b i ome ( Lowe 1964 ) . The 
sparsely vegetated creosote-bursage commun i ty i s  ma i n l y  composed of shrubs and 
hal f-shrubs . The domi nant shrub i s  creosote ( Larrea tri dentata ) .  Tri ang l e 
bursage (Amb rosia  del toidea ) i s  the domi nant hal f-shrub of thi s  hab i tat .  

( 3 )  Pa l o  verde-Mi xed Cacti 

The second pri nci p l e  b iot i c  communi ty of the Sonoran 
Desertscrub bi ome i s  pa l o  verde-mi xed cacti . Th i s  vegetat i vely  di verse 
commu n i ty occurs on rock  h i l l s ,  baj adas , and coarse-soi l ed s l opes . Wi th i n  
th i s  study area , i t  encompasses the Tucson Mounta i n s , Roskruge Mounta ins , and 
a l a rge coarse-soi l ed section of the San Xav i er Indian  Reservation . 
Pal o verde trees ( Cerc id i um mi crophyl l um )  and many spec i es o f  cacti ( Opunt i a  
spp . , Cyc l i ndropunti a spp . , Ferocactus spp . , Echi nocereus spp . , and 
Mammi l l ari a spp . , and ca rne�i ea gi gantea) best characteri ze th i s  hab i tat , 
al though it  i s  often compri se of a di verse mixture of tree and shrub spec i es .  
Most  rocky s l opes support stands of the ta l l  saguaro cactu s ( Carnegiea 
g i gantea ) wi th the densest popu l at ions on the Saguaro Nati ona l Monument . 
Jojoba (S immonds i a  c h i nens i s )  assoc iat ions often ex i st on northern s l opes i n  
the Tucson Mounta i ns . On the l ower s l opes , pa l o  verde-bu rsage and pa l o  
verde-creosote assoc i ati ons occur as the commu n i ty i ntersperses wi th the 
creosote-bu rsage commun i ty .  
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( 4 )  Eri ogonum-Agave 

Th i s  up l and commun i ty i n  the Sonoran Desertscrub 
bi ome ex i sts in a very l imi ted area of th i s  study area . Only one area , a 
steep north -fac i ng s l ope on Wasson Peak , was mapped . Th i s  hab i tat i s  
characteri zed by fl attop buckwheat ( E ri ogonum fasc i cu l atum) , agave (Agave 
spp . ) ,  and i nfrequent mixed scrub spec i es .  

( 5 )  Sa l tbush 

The sal tbush  commu n i ty ,  an up l and habi tat , occurs in  
va l l ey bottoml ands wh i ch have al kal i ne soi l s  and peri od i c  fl ood i n g .  Th i s  
hab i tat has a l imi ted d i stri buti on a l ong the Santa Cruz River ,  often s i tuated 
between creosote and riparian communi t ies . Th i s  communi ty has a l ow spec i es 
d i vers i ty and i s  often sparsely vegetated . The p l ant spec i es that 
characterize th i s  habi tat are sal tbush  (Atripl ex spp . ) and mesqu i te .  The 
desert sal tbush  ( Atripl ex po lycarpa ) ,  wol fberry ( Lyc i um spp . ) ,  and mesqu i te 
assoc i at ion ex i sts i n  Brawl ey Wash . 

( 6 )  Mesqu i te Bosque 

The mesqu i te bosque commu n i ty conta ins  th ree ri pa rian 
p l ant associat ions . The two assoc i ati ons d i s cu ssed in th i s  sect ion are 
col l ecti vely ca l l ed mesqu i te bosque i n  the fol l owi ng sect ions . The 
mesqu i te-mi xed na rrow l eaf tree assoc i ation was cl ass i fi ed as a d i fferent 
vegetat i ve habi tat and i s  descri bed in the mi xed-ri pa rian wood l a nd secti on .  
The mesqu i te bosque commu n i ty i s  a wetl and habi tat a l ong the Santa Cruz R i ver 
and in  Brawl ey Wash . Mesqu i te is  the domi nant speci es , al though i n  Brawl ey 
Wash wol fberry and Acac i a  spp .  are a l so frequently encou ntered . 

Presently the actual mesqu i te bosque i s  l imi ted to a 
few med i um-si zed trees wh i ch are restri cted to the banks of the i ntermi ttentl y 
fl owi ng Santa Cruz  River.  The area formerly occup i ed by an extens i ve 
forest-l i ke bosque i s  now bare ground and dead trees , wi th a few sma l l l i ve 
mesqu i te trees . 

The second associat ion of mesqu i te bosque occup i es 
Brawl ey Wash i n  Avra Val l ey .  Brawl ey Wash i s  a broad fl oodp l a i n  wh i ch i s  
d i ssected w i th severa l  channel s .  Th i s  area i s  frequently  fl ooded duri ng 
summer and wi nter ra i ns .  The wash i s  i nterspersed wi th mesqu i te bosque , 
creosote-bursage , and desert grass l and communi t ies . Mesqu i te bosque occu p i es 
the area adjacent to the narrow channel s and , i n  some l ocati ons , broad 
fl oodpl a i ns . 

( 7 )  Mi xed Ri parian Wood l and 

Th i s  assoc i at ion i s  l ocated north of Tucson a l ong the 
Santa Cruz R iver .  Al thou gh c l assi fied as a "mesqu i te-mi xed narrow l eaf tree" 
associat ion , it i s  treated as a separate vegetati ve commu n i ty for the pu rpose 
of th i s  E I S .  The age of the vegetation i s  q u i te young and refl ects a ri pari an 
commu n i ty that is chang i ng from a mesqu i te bosque to a true broad l eaf ri pa rian 
commu n i ty .  The secti on of the Santa Cruz R iver wh i ch i s  south of Tucson i s  an 
i ntermi ttently fl owi ng waterway wh i ch i s  dependent upon seasona l ra i nfal l .  I n  
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the northern part of Tucson , the ri ver becomes a perenni al  stream because of 
sewage effl uent from the Tucson sewage treatment p l ant . As a resu l t  of 
permanent waterfl ow ,  broadl eaf spec i es ( Pofl ar spp . ) and na rrow l eaf spec i es 
( Sa l i x  spp . , Tama ri x spp , desert wi l l ow Chi l ops i s  l i neari s )  and Bacchari s 
spp . ) are the domi nant pl ants . Mesqu i te i s  st i l l a common spec i es i n  some 
l ocat i ons . 

b .  Wi l dl i fe 

Intens ive wi l dl i fe su rveys , summari zed bel ow ,  were 
conducted by AGFD ( 1983 ) i n  the Phase B area . 

( 1 )  B i g  Game and Predators 

The AGFD estimated a popu l at ion s i ze of between 200 
and 400 mu l e  deer ( Odocoi l eus  hemi onu s )  and between 400 to 600 javel i na 
( Tayassu tajacu ) in  the Phase B area . Mounta i n  l i ons are present i n  l ow 
numbers . 

Overa l l ,  coyotes ( Can i s  l atrans ) were the most common 
predator i n  the study area . Coyotes were abundant i n  desert grass l and , 
pal overde-mi xed cacti , and mesqu i te bosque hab i tats . The l owest den s i ty was 
i n  creosote-bursage areas . Ki t fox ( vulpes mac rot i s )  were primari ly  found i n  
creosote-bu rsage hab i tat . Gray fox Urocyon ci nereoargenteu s )  were most 
common in the pal overde-mi xed cacti type but were al so found i n  desert 
grass l and and mi xed ripa rian  woodl and . Bobcats ( Lynx rufus ) were a l so 
preva l ent  i n  pal overde-mi xed cacti , and were al so found i n  the desert 
grassl and and mesqu i te bosque . Al l predators , except ki t fox , u ti l i zed the 
c reosote-bu rsage type l east  of a l l natura l  vegetation types . 

Based on radi o-tel emetry data , a l l an imal s ,  except 
k i t  fox , showed strong preference for the pa l overde-mi xed cacti habi tat and 
for mou ntai nous terra i n .  Most preferred was hes , foot of s l opes , sl opes , and 
ri dge tops . Creosote fl ats were sel ected agai nst by a l l anima l s except k i t  
fox . Al l spec i es showed strong preference for areas over 0 . 5  mi l e  from 
res i dences and maj or man-made i ntru s ions . 

Rad i o  track i ng of b i g  game an ima l s and predators i n  
the proj ect area a l so documented exten s i ve an ima l  movements between the Tucson 
Mounta ins  and Av ra Va l l ey agri cul tural  f iel ds , B rawl ey Wash , the Ga rc i a  Stri p 
and Tumamoc Hi l l .  S imi l ar movement patterns  exi st between Bl ack Mounta i n  and 
the desert grass l and on the San Xavier I ndian  Reservation . 

( 2 )  Sma l l Mammal s 

A tota l of 20 spec i es of sma l l mammal s representing 5 
fami l i es ( Lepori dae , Sci u ri dae , Heteromyi dae , Cri ceti dae and Geomyi dae )  were 
recorded . The most common rodents trapped were the woodrat ( Neotoma a l b igu l a )  
and the kangaroo rat (D i podomys merri ami ) .  

The pa l o  verde-mi xed cacti was the preferred habi tat 
for sma l l mammal s .  The creosote-bu rsage and the two ri parian types were a l l 
c l ose i n  spec i es d i vers i ty i nd i ces , second to pa l overde-mi xed cacti . Desert 
grass l and was l owest i n  numbers caught and i n  spec i es d i vers i ty .  
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( 3 )  Songb i rds and Gamebi rds 

A tota l of 143 spec i es of b i rds were observed in the 
Phase B area duri ng the AGFD study .  A l though the domi nant permanent res i dents 
vari ed by habi tat  types , some of the most common spec i es throughou t the study 
area were : Gambel ' s  quai l ( Lophortyx gambel i i ) , mou rn i ng dove ( Zena i da 
macroura ) ,  common fl i cker ( Col aptes auratus ), verd i n  (Auriparus a l v i c i e  s ) ,  
cactus wren ( Campyl orhynchus brunne l i ca i l1 u s ) , northern mocki ngb i rd Mimus 
po lygl ottos ) ,  curve-bi l l ed thrasher Toxos toma c u rv i rostre ) , b l ack-tai l ed 
gnatcatcher ( Pol i opti l a  mel anuar) , brown-headed cowbi rd (Mol othru s  ater)  , 
house fi nch ( Ca rpodacus  mex i canus ) ,  and  b l ack-throated sparrow (Amph i spi za 
b i l i neata ) . 

The mixed-ri parian wood l a nd r iver  habi tat 
consi stently had both the greatest songb i rd den s i ty and the h i ghest number of 
spec i es . The c reosote-bursage (bursage assoc i ation ) and pa l o  verde-mi xed 
cacti ( pa l o  verde assoc i ation ) hab i tat types were ranked second and th i rd i n  
densi ty o f  i n d i v i dua l s i dent i fied .  The c reosote-bu rsage ( c reosote 
associat ion ) was the l owest of a l l types samp l ed .  

( 4 )  Raptors 

Ni neteen spec i es of raptors we re found i n  the Phase B 
area by AGFD i nvesti gat ions . 

The red-tai l ed hawk ( Buteo jama i cens i s )  was the most 
common d i u rnal raptor .  The mesqu i te bosque and  reti red agri cul ture l ands were 
ranked fi rst and second wi th nea rly three times as many d i u rnal raptors as the 
next ranked vegetation type .  Pal o verde-mi xed cacti ( saguaro associat ion ) 
habi tat had the l owest number of di urnal raptors observed on road transects . 

Du ri ng the d i u rnal raptor nest searches a total of 9 1  
raptor nest structures were l ocated . Red-ta i l ed hawks were the most  common 
raptors nest i ng i n  th i s  area ( 60 percent of tota l ) .  Gol den eagl es (Agu i l a  
chrysaetos ) ,  pra i ri e  fa l cons ( Fal co mex i canu s ) , and Harri s ' hawks accounted 
for 20 percent of the breed i ng acti vi ty .  Th ree ma in  areas of breed i ng raptor 
concentrati ons  occurred wi th i n  the study area . The fi rst i ncl uded Safford and 
Panther Peaks i n  the northern secti on of the Saguaro National  Monument ,  south 
a l ong the western boundary of the monument ,  i nc l udi ng the northwest port ion of 
the Tucson Mounta i n  Park . The second was a l ong the western boundary of the 
study area , south of Mi l e  Wide Road and north of Three Poi nts . The th i rd area 
was west  of B l ack Mounta i n  on the San Xav i er Reservation . 

The pa l o  verde-mi xed cacti habi tat was the most  
product i ve habi tat for owl s .  Few owl s were recorded in  the  c reosote-bursage 
habi tat types . No owl s were recorded on reti red agri cu l ture l and . ' Overa l l 
the order of abundance was el f owl ( M i c rathene wh i tneyi ) ,  western screech owl 
( Otus kenni cotti i ) ,  great horned owl (Bubo v i rgi n i anus ) ,  and ba rn owl ( Tyto 
al ba ) . 

( 5 )  Repti l es and Amph i b i ans  

A tota l of 39 spec ies of repti l es and  amph i b i ans  were 
recorded i n  the Phase B area . Data from the road transects i ndi cate that 
frogs and toads were most common , comp ri s i ng 63 percent of a l l observati ons . 
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L i zards and snakes accounted for 24 percent and 12  percent ,  respecti vely . The 
Col orado Ri ver toad ( Bufo al vari us ) was most  frequently observed , fol l owed by 
Couch 1 s  spadefoot to�( Scaph i opus couchi ) ,  and Great P l a i ns toad ( Bufo 
cognatu s ) .  The most  abundant l i zards were wes tern wh i pta i l  ( Cnemi dophorus 
t igri s )  and zebra-ta i l  l i za rd ( Ca l l i saurus draconoi des ) .  Snakes most  
frequently observed i ncl ude Sonoran gopher snake (P i tuoph i s  me l anol eucus ) ,  
Mojave rattl esnake ( Crota l us  scutu l atus ) ,  and western di amondback rattl esnake 
( Crotal us  atrox ) .  

When a l l su rvey methods are comb i ned ,  pa l o  
verde-mi xed cacti hab i tat proved to be the most  val uab l e  to repti l es and 
amph i b i ans . Desert grass l and was second in importance . Creosote-bu rsage had 
the l owes t  spec i es d i vers i ty i ndex of a l l habi tat  types s urveyed . 

Severa l areas h i gh i n  torto i se dens i ties were the 
bas ins  wi th i n  the Tucson Mounta ins , the upper San Joaqu i n  Road area , and B l ack 
Mounta i n  on the San Xav i er Indian Reservation . 

( 6 )  Wi l d l i fe Habi tat Va l ue Summa ry 

The pa l o  verde-mi xed cacti hab i tat  was general ly the 
h i ghest va l ue wi l d l i fe habi tat and i n  compos i te was a l so the most val uab l e  
hab i tat i n  th i s  s tudy area . The mesq u i te bosque , wh i ch was a n  important 
hab i tat type for severa l spec i es , was rated as the second most  important 
hab i tat .  Creosote-bursage was of l imi ted val ue to  mos t  wi l d l i fe ,  wi th the 
notabl e exception of the k i t  fox . 

c .  Spec i a l  Statu s Spec i es 

Several spec i es of p l ants and an i ma l s occur on or  near the 
Phase B area that a re of spec ia l  concern because of the i r  l egal protecti on 
under s tate or Federa l regu l ations or becau se they are l i sted as sens i ti ve or 
uni que by one or more resou rce agenci es .  

There are 5 speci es 1 i sted under the Federal Endangered 
Spec ies Act that may occur  near the proj ect area : the Sonoran pronghorn 
antel ope ( Anti l oca�ra ameri cana sonori ens i s ) ,  peregrine fa l con ( Fa l co 
peregri nus ) ,  maske bobwhite quail . (Col i nu s  v i r  i n i anus ri dgway; ) ,  Gil a 
topmi nnow ( Poec i l i ops i s  occ i dental i s  occi dental i s  and Ni chol s Turks head 
cactus  ( Echi nocactus hori zonthalonius  va r .  n i chol ; ; ) .  B io l og i cal  assessments 
on these species were prepared by AGFD for USB R .  The assessments concl  uded 
that th i s  project wou l d  have no effect on any of these l i sted spec i es . The 
FWS has concurred wi th th i s  concl u s i on .  

I n  add i t ion to Federal ly  l i sted speci es , there are pl ant 
and an imal  spec i es bei ng consi dered for l i sti ng under the Endangered Spec i es 
Act . These candi date spec i es a re grouped i nto categori es to accurately  
refl ect present eva l uati ons of  the i r  s tatu s .  Category 1 spec i es are those for 
whom suffi c i ent  i nformation exi sts to support thei r be i ng l i sted under the 
Act . Category 2 spec i es are those for whom the avai l ab l e i nformation i s  not 
suffi c i ent to su pport l i st i ng at th i s  t ime .  Ca ndidate spec i es that occur  in  
the project a rea are Tumamoc gl obe-berry (Tumamoca macdouga l i i )  and Sheer 1 s  
strong-spi ned cory cactus ( Coryphantha scheeri var. robusti spi na ) ( Category 1 
pl ants ) ;  Pringl e 1 s  l i p fern (Che i l anthes pri ngl e i ) and n i ght-bl oomi ng cereus 
( Pen iocereus greggi i ) ,  ( Category 2 plants ) ;  ferrug inous hawk ( B u teo rega l i s ) ,  
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desert torto i se ,  and G i l a  monster ( Category 2 an imal s ) .  Thornbe r ' s fi shhook 
cactus occurs in the project area and was proposed for l i st i ng as  a th reatened 
spec ies i n  Apri l , 1984 . 

The State of Ari zona ma i nta i ns a l i st  of  Threatened Nati ve 
Wi l d l i fe i n  Ari zona (AGFD 1982 ) .  Seven spec ies on the l i st  were recorded 
wi th i n  the proj ect area by AGFD studi es ( 1983 ) or are documented as occu ri ng 
in th i s  area by Monson and Ph i l l i ps ( 1981 ) .  The spec i es are separated by the 
degree of threat to the i r  conti nued exi stence . Group 2 speci es are those 
whose conti nued presence in Ari zona i s  i n  jeopa rdy . Group 3 speci es are those 
whose conti nued ex i stence i n  Ari zona cou l d  be in jeopardy i n  the foreseeabl e 
futu re and Group 4 spec ies  are those presently faced wi th only mi nor threats 
wh i ch may i n  the fu ture i ncrease suffi c i ently to warrant Group 2 or 3 statu s .  
Group 3 speci es occurri ng i n  the Phase B area are the desert torto i se , 
peregri ne fa l con and the northern beardl ess tyrannu l et ( Camptostoma imberbe 
ri dgewayi ) .  Group 4 spec i es recorded i n  the Phase B area are the 
b l ack-bel l i ed wh i stl i ng duck ( Dendrocygna au tumnal i s  fu l gens ) ,  bl ack-crowned 
n i ght heron ( Nyct i corax n cti corax hoactl e) , great egret (Casmi rod i u s  al bus  
egretta ) and snowy eg ret Egretta thu l a  brewsteri ) .  

The Bu reau of Land Management ( BLM ) ma i nta i ns a l i st  of  
sens i ti ve wi l d l i fe and  p l ant  speci es that  are fou nd on BLM l ands . Sen s i t i ve 
spec i es are those spec ies  cons i dered rare or have been made the obj ect of 
spec i a l  concern by an agency or depa rtment . Among spec i es on the BLM l i st  
that occur  i n  the  Phase B area are kit  fox , Harri s '  hawk and ferrugi nuous 
hawk . The ki t fox is a l so l i sted in Endangered and un i�ue Wi l d l i fe of the 
Sou thwestern Nati onal Forest ( U . S . D . A .  Forest Serv i c e ,  197 ) . 

2 .  Construction Impact Ana lys i s  

The effects o f  the constructi on ,  operat ion , and 
ma i ntenance of  any of the a l ternative al i nements on the fl ora and fauna of  the 
study area con s i st of habi tat deg radat i on and l os s , severence of cont i guous 
hab i tat and movement corri dors , and d i rect l oss  of wi l d l i fe in open canal 
sect ions . 

Hab i tat l osses wou l d  vary between canal and p i pel i ne 
secti ons both by amount and permanence of the l os s . Canal  con struct i on wou l d  
permanently remove a l l vegetation from a stri p as wi de as the cana l and 
necessary access roads . Permanent hab i tat l oss a l ong a pi pel  i ne wou l d  be 
confi ned to the wi dth of the access road .  Over t ime ,  d i sturbed areas 
i ncl ud ing p i pel i ne corri dors and fl ood reta rdi ng structu res wou l d  revegetate , 
but ful l recovery of these d i sturbed areas may not occu r wi th i n  the 1 i fe of 
the project even wi th revegetation efforts . Desert hab i tats are very 
su sceptib l e to damage and re-estab l i shment of  some speci es i s  extremely s l ow 
and may requ i re 30 years or more to recover ( Gri eve et a l . 1978 ) . 

Based on observations a l ong the Gran i te Reef Aqueduct , 
some desert vegetat ion downstream of the aqueduct wou l d  i ncur  a l oss  or 
reducti on of fl ood-fl ows due to i n tercept i on or redi rect i on of sheet fl ows by 
the aqueduct cross dra i nage protect i ve structu res ( col l ect i ve d i kes ) .  Th i s  
wou l d  resu l t  i n  a l oss  of v i gor and v i tal i ty o f  the vegetation a l ong the 
washes and may eventual ly resu l t  i n  the l oss  of th i s  vegetation . Th i s  
s i tuation wou l d  resu l t  i n  a d i rect negative effect on the wi l d l i fe .  Desert 
vegetation upstream of the fl ood protect i on stru ctures wi l l  have an i ncreased 
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v i gor and v i tal i ty due to an i ncrease i n  ava i l ab l e  moi sture un l ess  the water 
i s  impounded for an extended time ( 3  or 4 days ) i n  wh i ch case the communi ty 
speci es structure wou l d  eventua l ly change to more mesophyti c  spec i es such as 
mesqu i te and sa1 tceda r .  I f  the v i gor o f  the p l ant commun i t ies i s  increased o r  
i f  a mesophyt i c  p l ant commun i ty i s  devel oped , certa i n  p l ants and wi l d l i fe 
wou l d  probably  be benefi c ia l ly  affected wh i l e  others , such as cacti , wi l l  be 
negatively  a ffected . 

Impacts to terrestri a l  wi l d l i fe wou l d  resu l t from 
separation of hab i tat cau sed by the open canal porti ons of the aqueduct 
a l ternat i ves . Thi s i s  usual ly  referred to as the barri er effect .  Na tu ral 
ri ver courses form barri ers to wi l d l i fe ;  however ,  th i s  barrier effect i s  not 
usual ly permanent . An imal s can cross ri vers duri ng l ow-fl ow peri ods , at 
natu ra l  fords , or by fl oati ng and swimmi ng downstream unt i l  a s u i tab l e  p l ace 
to exi t  is found . The cana l has no s u i tabl e p l aces to cross and steep wal l s  
prec l ude a l l but a few species from exi t i ng the cana l . Canal s wou l d  be 
permanent d i v i ders of habi tat whereas p i pel i nes wou l d on ly  be barri ers duri ng 
construction . 

The effects of barri ers on terres tri a l  wi l d l i fe 
popu l ati ons va ry between speci es , depend ing on the s i ze ( number of 
i nd i v i dua l s )  of the popu l ation , the home range of the breedi ng popu l ati ons , 
the l ocat i on of the barrier wi th in  the home range , and the geneti c  d i vers i ty 
with in  the separa ted popu l at ion s .  I n  addi tion to i nterference wi th norma l 
gene fl ow wi th i n  a popu l ati on , the d i v i s i on of the hab i tat i nto two or more 
parcel s may affect the tota l n umber of an ima l s that cou l d  be su pported i n  each 
parcel versus the number of anima l s the ent i re habi tat cou l d s upport . Because 
usab l e  or essenti a l  resou rces are not even ly  spread throughout a habi tat , the 
p l acement of an open canal through the habi tat may unequal ly d i v i de important 
resou rces i n  the resu l t ing parcel s .  Thi s d i v i s i on wou l d  a l so be cri t i cal  i f  
anima l s  were b l ocked from a l imi ted o r  seasonab ly  used resource . 

The number of radi o-co l l a red an i ma l s whi ch cros sed 
proposed canal  rou tes strongly suggests that the maj ori ty of coyotes , dee r ,  
and bobcat a l ong the route wi l l  b e  affected . Forty-f ive percent o f  the 
col l ared javel i na and 38 percent of the col l ared gray fox crossed canal  
rou tes . Whi l e  impacts may be more serious on coyote , bobcat , and mu l e  deer 
popu l ati ons , an open canal  potent ial ly  cou l d  affect a s i zab l e  proportion of 
the gray fox and j ave l i na popu l at ions a l ong i ts  route . 

The AGFD stud i es estimated that as many as 175 mu l e  deer 
( 44% of tota l i n  area ) and 146 j avel i na ( 24% of total in area ) cou l d  be 
i n i ti al ly  impacted by a west s i de open aqueduct route . Impacts wou l d range 
from drown i ng l osses ( from compl eted cana l ) to avoi dance of the area duri ng 
constructi on dependi ng upon the proximi ty of the anima l s home ranges to the 
aqueduct a 1 i nement ( de Vos , et a 1 . 1983 ) .  Over the l i fe of the project , it i s  
poss i b l e  that the mu l e  deer i n  the Tucson Mountai ns cou l d  b e  el imi nated i f  no 
m it igation is prov i ded . 

Habi tat separat i on wou l d  affect al l mamma l s  and repti l es 
i n  the area wh i ch use the habi tat on both s i des of the cana l . The resu l t of 
th i s  wou l d be a l oss of wi 1 d1 i fe wh i ch are separated from thei r sou rces of 
food , wate r ,  cove r ,  and denn i ng s i tes . Under the wors t case , the resu l t wou l d 
be the l oss  of v i ab i l i ty of  the separated popu l ations , wi th the eventua l l oss 
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of those popu l ati ons . Wi th proper mi t i gat ion , th i s  i s  not expected to be the 
case a l ong any of the Tucson B aqueduct a l ternati ves . 

Because of the steep s i dewa l l s  of the canal  secti on few , 
i f  any , wi l d l i fe spec i es wou l d  be ab l e  to get out of the cana l i f  they shou l d  
fa l l  or j ump i n .  Th i s  wou l d  resu l t  i n  death by drown i ng or exposure . Th i s  
probl em wou l d be espec i a l ly s i gn i f i cant wi th regard to deer a l ong the west 
s i de of the Tucson Mounta i ns . Th i s  area was i dent i f i ed as  a primary u se area 
based on te l emetry studi es by the AGFD ( 1983 ) . 

I n  the southwestern Un i ted States , the l oss  of deer due to 
drown i ng i n  cana l s has been documented a l ong the Coache l l a  and Wel l ton-Mohawk 
cana l s i n  Cal i forn i a  and southern Ari zona . Over the l ast  20 years , over 1 ,000 
deer have fal l en i n to the Wel l ton-Mohawk cana l . As many as 13 deer have d i ed 
i n  a s i ng l e day i n  th i s  cana l  (AGFD , unpub l i shed data ) . The measures proposed 
for the Tucson B aqueduct ( fenc i ng , cros s i ngs , l and acqu i s i t ion , a l ternative 
water sou rces ) wi l l  prevent the l osses seen in  the Wel l ton-Mohawk and 
Coache l l a  Canal s .  

Four  spec i a l  status spec i es of w i l dl  i fe and f i ve spec i a l 
status speci es of p l a nts may be affected by the pl ans under cons i deration . 
Areas of potent ia l  i mpact to the desert tortoi se occur i n  the pa l overde-mixed 
cact i  vegetat i on west of the Tucson Mounta i ns and near B l ack  Mounta i n  on the 
San Xav i er Indi an Reservat i on . Impacts to G i l a  monsters cou l d  be expected 
primari ly  i n  the desert grass l and vegetati on areas , espec ia l ly  on the San 
Xav i er I nd i an Reservat i on and to a l esser extent i n  other hab i tat types .  Ki t 
fox are found i n  creosote fl ats i n  Avra Va l l ey and on the San Xav i er I nd ian  
Reservat i on .  Harri s '  hawks nest i n  the pa l o  verde-mixed cactus areas adjacent 
to the wests i de a l i nements . Desert torto i ses and G i l a  monsters , because they 
a re s l ow mov i ng , smal l ,  and bu rrowing  i n  natu re , wou l d  be suscepti b l e to 
l osses duri ng constructi on from earth movi ng equ i pment and harassment from 
constructi on personne l . These spec i es wou l d  a l so be suscepti b l e  to drown i ng 
l osses i n  open cana l s .  A l so of concern i s  the effect on k i t  fox , a speci es 
wi th a very l oca l i zed d i stri but ion . Cana l p l acement cou l d  cut off forag i ng 
areas from den s i tes or d i rectly destroy dens . S i nce k i t  fox dens are 
cri t i ca l  areas not eas i ly rep l aced or re l ocated , the destructi on or i so l at i on 
of dens cou l d  have serious detri mental  effects on the l oca l k i t  fox 
popu l at i ons . 

The most common effects of transm i s s i on l i nes on wi l dl i fe 
resources are from the constructi on and mai ntenance of permanent roads wh i ch 
destroy hab i tat for some forms of wi l d l  i fe .  Exi  st i ng access  roads wi  1 1  be 
u sed whenever pos s i b l e .  Transmi s s i on l i nes may create an e l ectrocuti on hazard 
to raptors i nc l ud i ng Harr i s '  hawks attempti ng to perch on the towers or po l es .  
Powerpo l es are favored hunt ing  perches i n  treel ess desert areas and AGFD 
researchers frequently observed raptors on exi s t i ng powerl i nes i n  the project 
area . However , some powerl i ne confi gurati on s  are extremely dangerous to 
raptors i f  the b i rd can connect two wi res , e i ther w i th wi ngs or feet . A l l 
transmi s s i on l i nes wi l l  be des i gned to precl ude the poss i bi l i ty of raptor 
e l ectrocut ion . A transmi s s i on l i ne u sed by the Western Area Power 
Admi n i strat i on meets the accepted cri ter ia  estab l i shed and approved by the 
U . S .  F i sh and Wi l d l i fe Serv i ce and the Bureau of Land Management for the 
protection and prevention  of e l ectrocuti on to raptors . Other b i rd spec i es are 
too sma l l for the i r  wi ngs to touch two conductors at  the same t ime .  
Transmi s s i on l i nes rated at 1 15-kV and above do not present a probl em to 
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! e raptors s i nce spac i ng between conductors i s  wi der  than the wi ngspan of most 
raptors . 

A sma l l cactus , known as  Thornber 1 s  f i s hhook cactus 
( Marrmi l l ari a thornberi ) ,  occurs on the l ands west of the Tucson Mounta i ns . 
The cactus i s  be i ng studi ed by the Endangered Spec i es Off ice of the U . S .  F i s h  
and Wi l d l i fe Servi ce ( FWS ) because i t  i s  bel i eved to be  decl i n i ng i n  numbers . 
The West S i de P l an wou l d  cut through Thornber 1 s  f i shhook cactus hab i tat for 
severa 1 mi 1 es and destroy an esti mated 19 ,000 cacti . Al though th i s cactus 
occurs spari ngly west onto the Papago Reservat ion , the area i mpacted by the 
West S i de P l an conta i ns some of the densest and heal th i est known stands of 
th i s  spec i es . There a l so wou l d  be impacts to th i s cactus from the del i very 
l i nes to the Schuk  Toak D i stri ct , from the Avra Val l ey I rri gati on D i stri ct 
wi th the East Si de P l an , and from port i ons of the Sandari o ,  the Sandar io-San 
Joaqu i n ,  and the Sanders-San Joaq u i n  Mod i f i cati on P l ans . The FWS proposed 
th i s  speci es as  Federa l ly  threatened i n  Apri l 1984 . The Tumamoc g l obe-berry 
( Tumamoca macdouga l i i )  wh i ch occu rs on the West  S i de route , may be proposed as 
a Federal ly endangered speci es i n  the near future and has had a l i s t i ng 
package for i t  prepared by the FWS . The total known popu l ati on of matu re 
p l ants cons i sts of 356 i nd i v i dual s .  The West S i de P l an cou l d  impact 81 of 
them and the other pl ans wou l d  probabl y  i mpact some i nd i v i dua l s of th i s  
speci es as  wel l .  One i nd i v i dual  of Sheer 1 s  strong-sp i ned cory cactus 
( Coryphanta scheeri  var .  robusti spi na ) wou l d  be impacted by project 
construction . Th i s  i s  a Category 1 spec i es , but a proposal  for l i st i ng th i s  
spec i es i s  not ant i c i pated i n  the near future . N i ght-b l oomi ng  cereus 
( Pen i ocereus greg,i i )  wou l d  be impacted a l ong severa l  port i ons  of the 
al i nement , especi a  ly on the Papago Del i very L i ne and the Pr ing l e 1 s  l i p fern 
( Chei l anthes pri ngl ei ) wou l d  be . impacted by p i pel i ne construct i on i n  the 
Tucson Mounta i ns . These l atter two spec i es are Category 2 pl ants , wh i ch means 
that there i s  i n suffi c i ent  i nformati on at th i s  t ime to support the i r  i nc l u s i on 
on the Federa l threatened spec i es l i s t .  

3 .  M i t i gati on P l an 

The primary purpose of a mi ti gati on p l a n  i s  to reduce or 
el im i nate adverse effects of an act i on .  It i s  recogn i zed that the 
constructi on of a canal  through undevel oped desert l ands , espec i a l l y  i n  desert 
footh i l l  areas , wou l d  have some l ocal  adverse i mpacts wh i ch cannot be 
e l imi nated or even appreci ab ly  l essened . 

The primary mi t i gati on and conservat i on measures for a l l  
a l ternati ve routes i nc l ude : 1 )  fenc i ng  to excl ude wi l d l i fe ,  2 )  wi l d l i fe 
cross i ng at s i tes where m igratory corri dors exi st , 3 )  constructi ng a spec i f i ed 
number of wi l d l i fe wateri ng  s i tes away from the route , 4 ) revegetat i on of a l l 
d i  sturbed areas , and 5 )  construct i ng powerl  i nes that wi  1 1  not e l ectrocute 
raptors . I n  add i ti on , for the West S i de P l an and the Sandari o P l an , l and 
acqu i s i tion  to ma i nta i n  a wi l d l i fe movement corri dor and as a conservat ion 
measure for Marrmi 1 1  ari  a thornberi i mpacts wi  1 1  be needed , and for the East 
S i de ,  Sandario-San Joaqu i n ,  and the Sanders-San Joaqu i n  Mod i f i cati on P l ans 
l and acqu i s i t i on as a conservati on measure to compensate for Marrmi l l ari a 
thornberi i mpacts may be needed ( Tab l e 2 1 ) . 

The mi t i gat ion and conservat i on pl an wou l d be carri ed out 
in two phases . The fi rst wou l d  occur duri ng construct i on of the aqueduct . 
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The second phase wou l d  i nc l ude mon i tori ng  of wi l d l i fe and vegetat i on i n  the 
project area to determi ne whether further mi t i gat ion i s  necessary .  

The mi t i gati on measures for b i o l og i ca l  i mpacts and the 
conservat ion p l an for proposed threatened and endangered spec i es i dent i f i ed i n  
th i s  statement shou l d  adequate ly  mi t i gate for a l l project i mpacts i dent i f i ed 
at th i s  t ime ,  and wi l l  be i mpl emented by the Bureau . These measures i nc l ude 
wi l d l i fe barriers , b ri dges , water catchments , revegetation , and the 
acqu i s i t ion of 2 , 530 acres of l and for a wi l d l i fe movement corri dor and 
compensati on for hab i tat l ost  from construct ion , i ncl ud i ng a popu l ati on of the 
proposed threatened Thornber ' s  fi shhook cactus . 

Tab l e  2 1  
B IOLOGl CAL M IT IGATION MEASURES 1/ 

Al ternat i ve 
Sanders-San No 

West Sandari o- Joaqu i n  East Federal 
S i de Sandari o San Joaqu i n  Modi fi cat ion S i de Act i on 

Revegetati on 2 ,380 2 , 107 1 , 701 2 , 340 2 ,389 1 , 391  
( acres ) 

W i l dl i fe 13 9 2 3 6 0 
Crossi  ng (No . ) 

W i l d l i fe Fenc i ng 23 17  9 9 12  0 
( Mi l es )  

Tortoi se Barri er  8 8 0 0 0 0 
(M i l es )  

W i  1 d l  i fe Water 7 5 1 2 3 3 
S i tes ( No . ) 

Land 2 , 530 2 , 530 640 640 640 0 
Acqu i s i ti on 
(Acres )  

± l -1 These are proposed measures based on available information . Changes 
cou l d  occur  prior  to f ina l  des i gn .  

Phase One 

The f i rst phase of the mi t i gat ion p l an wou l d i nc l ude 
constructi on of wi l d l i fe cros s i ngs , a l ong wi th the mod i f i cat ion of veh i cu l ar 
br i dges , fl ood water overchutes , and other cross i ngs to permi t u se by 
wi l d l i fe .  The anti c i pated numbers of wi l d l i fe cross i ngs  for the s i x  
a l ternat i ves are l i sted o n  Tab l e 2 1  and the i r  l ocat i ons  are s hown o n  the 
l ocati on maps for each route . The l ocat ions of the wi l d l i fe cros s i ngs were 
determi ned by radi o-trac k i ng col l ared an i ma l s  to determi ne the i r  movement 
paths . The actua l  number  and exact l ocati on of these cross i ngs  wou l d  be 
determi ned through consu l tat i on wi th the FWS and AGFD pr ior to fi nal  aqueduct 
des i gn ,  so that the i r  construct i on may take pl ace as  part of the general 
aqueduct construct i on .  
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The fi rst phase of mi t i gat ion wou l d  a l so i nc l ude 
acqu i s i ti on of approxi mately  4 square mi l es of l and between Tucson Mounta i n  
Park and the Shuk  Toak d i stri ct of the Papago Indi an Reservati on . Acqu i ri ng 
and manag i ng th i s  l and wou l d :  1 )  compensate for movement d i sruptions caused 
by aqueduct construction  by prov i di ng a wi l dl i fe movement corri dor between the 
Tucson Mounta i ns and areas to the west , 2 )  preserve areas conta i n i ng the 
Federa l ly proposed threatened Thornber ' s fi shbook cactus , to compensate for 
popu l at i ons  that wi l l  be i mpacted by project construct i on , and 3 )  compensate 
for other spec i a l  status spec i es and wi l dl i fe hab i tat l ost  due to aqueduct 
constructi on ( k i t  fox , desert torto i se ,  G i l a  monster , Harri s '  hawk ) .  

W i l d l i fe movement across the aqueduct i s  necessary to 
permi t b i sected popu l ations  to mai ntai n  gene fl ow and to a l l ow u se of habi tat 
on both s i des of the aqueduct . An accepted tech n i que u sed on other porti ons 
of CAP to enab l e wi l dl i fe movements to conti nue i s  to provi de cross i ng 
bri dges . However ,  i n  the s i tuati on that exi sts on the west  s i de of the Tucson 
Mounta i ns , such structures a l one wou l d  not adequately  m it i gate for the barri er 
effect of the aqueduct .  Ava i l ab l e  i nformation s uggests that u rban i zat i on west 
of the Tucson Mounta i ns wou l d  not be rapi d  nor compl ete enough  to cut off 
an ima l  movements to and from the Tucson Moun ta i ns duri ng the l i fe of the 
project . However ,  the open aqueduct , even wi th fi xed wi l d l i fe cross i ngs , 
wou l d  create a barrier  to an ima l  movement i f  hou s i ng were deve l oped near the 
cros s i ngs . Under present cond i tions , and future cond i ti ons  wi thout the 
project , i f  hou s i ng deve l opment wou l d  occur near a usual  wi l dl i fe movement 
path , wi l d l i fe cou l d  s h i ft the i r movements to avo i d  the devel opment .  Wi th the 
project and i ts f ixed cross i ngs , wi l dl i fe wou l d not have the opti on of 
sh i fti ng to another area to avo i d  the devel opment and movement  wou l d  be 
restricted .  S i nce i t  i s  not poss i b l e  to pred i ct the exact l ocat i on and type 
of devel opment or to prevent zon i ng ord i nances from chang i ng , wi l d l i fe 
cros s i ngs  cou l d  not be p l aced i n  areas guaranteed free of devel opment . 

The most effect i ve way to i nsure that wi l dl i fe movements 
wou l d  conti nue after aqueduct construction woul d  be to prov i de an open , 
undevel oped corri dor across the aqueduct i n  an exi st i  ng wi 1 d l  i fe movement 
path . The AGFD has i denti f i ed a parce l of l and that wou l d  prov i de th i s  type 
of corri dor as wel l as prov i d i ng wi l d l i fe and threatened cactus habi tat to 
compensate for hab i tat l ost due to aqueduct construct i on . The four  sect ions 
of Ari zona State Trust  Land at  T . 14S . R . 1 1 E .  Sect i ons 10 , 1 1 , 14 and 15  and the 
pri vate ly  owned Secti on 2 SW-1/4 contai n  pal o  verde-mi xed cacti , mesqu i te and 
creosote-bursage hab i tat types wh i ch are exten s i vel y u sed by wi l dl i fe ,  and 
provi de a wel l establ i s hed wi l dl i fe movement corri dor from the Saguaro 
Nati ona l  Monument and Tucson Mounta i n  Park to the Garc i a  Stri p of the Papa go 
I nd i an Reservati on and other pOi nts west and southwest of the Tucson 
Mounta i n s .  The parcel borders on both the Park and the Reservat ion , i nsuri ng 
a permanently open corri dor i n  and out of the mounta i ns regardl ess of future 
devel opment patterns i n  the Avra Val l ey .  Th i s  l and wi l l  be turned over for 
management as a wi l dl i fe area to a state or county resource agency s uch as the 
Tucson Mounta i n  Park . 

Wi l d l i fe wateri ng  s i tes wou l d  a l so be i nc l uded as Phase 
One m i t i gat i on , and wou l d  be constructed as  part of the aqueduct construction 
prior to aqueduct comp l etion . Wateri ng s i tes away from the canal  woul d  be 
constructed to provi de a source of water other than the canal . The 
approximate number  of wateri ng s i tes for each a l ternat i ve route are l i sted i n  
Tab l e  2 1 . The fi nal  number , l ocat i on , and des i gn of these wateri ng  structures 

42 



wi l l  be determi ned through negot i ati on wi th u . s .  Fi sh  and Wi l d l i fe Serv i ce ,  
the Nat i onal  Park Serv i ce ,  the P ima County Parks Department , the Papago Tri be , 
and Ari zona Game and F i s h  pr ior to f ina l  des i gn of the aqueduct . 

Revegetat ion efforts wou l d  occur on a l l spoi l a reas , 
borrow areas , cut s l opes , and protecti ve d i kes i mmed i ately after they are u sed 
or constructed to take advantage of the soi l moi sture res u l t i ng from the dust 
abatement program . Th i s  wou l d  res u l t i n  qu i cker estab l i shment  of the 
vegetati  on than usua l ly  occurs when seeded after the prime contractor i s  
comp l etely fi n i shed and the soi l has sea l ed .  Seed i ng may be enhanced by the 
use of an i mpri nt i ng mach i ne ( D i xon and S imanton 1980 ) to max imi ze the 
chances of vegetat i on success . The normal  seed mi x i nc l udes qua i l  bush , 
desert sa l tbush , bursage , bri tt1 ebush , creosotebush , desert broom and grasses 
and forbs . Th i s  seed mi x wou l d  be changed accord i ng to s i te spec i fi c  
requ i rements i f  necessary .  

Procedu res to b e  devel oped i n  coord i nation wi th the FWS 
wi l l  be used to mi n i mi ze impacts to cand i date pl ant speci es for the Federa l 
threatened and endangered l i s t .  Techn i ques may i nc l ude removal and 
transpl anti ng , acqu i s i ti on and preservati on of add i t i ona l p l ant hab i tat , 
construct i on of add i t i onal water overchutes to mi n imi ze fl ood i ng and 
downstream impacts , or  fenc i ng and d i k i ng to preserve the p l ants i n  pl ace . 

Wi l dl i fe-proof fenc i ng wi th zero ground c l earance wou l d  be 
used a l ong  a l l cana l  sect i ons wh i ch present a s i gn i fi cant drown i ng hazard . 
These areas wou l d  be ma i n ly footh i l l  areas and severa l  areas of known wi l dl i fe 
movement . The primary purpose of th i s  fence woul d  be  to keep l a rger mamma l s  
off the canal  ri ght-of-way and out o f  the cana l . F i na l  des i gn o f  th i s  fence 
wou l d  be determi ned after consu l tati on w i th i nterested wi l d l i fe agenci es . 

To further prevent drown i ng l osses , a s u i tabl e barri er 
wou l d  be p l aced a l ong  port ions  of the wi l d l i fe fence i n  areas known to support 
desert tortoi se popu l ati ons . Those porti ons of the a l ternat i ve a 1 i nements 
where the need for a barrier  has been estab l i shed are shown on the l ocat i on 
maps for each route . A f i el d check of the r i ght-of-way and removal of any 
torto i ses found wou l d  a l so be i nc l uded as Phase One mi t i gat ion . Construct ion  
d i s turbance wou l d  be mi n imi zed from January 1 to  June  1 wi th i n  one  ha l f mi l e  
of Harr i s  I hawk nests . Constructi on a l ong the East S i de Route near Tumamoc 
H i l l  shou l d  be mi n i mi zed from May 1 to October 1 to avo i d  i nterrupti on of 
wi l d l i fe movements to water sources . 

The freeboard on the open aqueduct wi  1 1  be rough-broom 
fi n i shed to fac i l i tate the escape of sma l l an ima l s  from the cana l . 

To mi n i mi ze impacts from transmi s s i on l i ne construct i on 
d i s turbances to wi l d l i fe hab i tat , the d i sturbed s i tes wi l l  be revegetated . 
The constructi on of new ma i ntenance roads wou l d  be mi n i mi zed by use of the 
cana l  operati on and ma i ntenance roads a l ong most of the transmi s s i on route , 
and by the use of ex i st i ng roads , where poss i b l e ,  off the cana l  r ight-of-way . 
I n su l ator and crossarm l engths on transmi s s i on structures wi l l  be des i gned to 
mi n i mi ze the l i kel i hood of fl ashover between conductors , ground wi res , and the 
structures . The standard 69-kV and 1 15-kV structures used are un1 i ke 1y  to 
cause e l ectrocut ion of raptors because the conductor spac i ng and 
ground-to-conductor spaci ng on these structures are w ider  than the wi ngspan of 
the l argest raptors found i n  the area . In  add i t ion , the pos i ti on of the 
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conductors and g round wi res i n  rel ati ons h i p  to each other makes i t  u n l i kely 
that a raptor wou l d  touch two wi res wh i l e  l andi ng  or tak i ng off . 

Phase Two 

Phase Two of the mi t i gat ion wou l d be carri ed out at  the 
end of the constructi on period . Vegetati on mon i tori ng  wou l d  be estab l i s hed 
and basel i ne data recorded to determi ne seedi ng  success and whether or not 
add i t i onal  efforts a re needed . A l l wi l d l i fe cross i ngs and wateri ng s i tes 
wou l d  be mon i tored to determi ne u se and i ns ure that they are 
properly l ocated . The ent i re l ength of the aqueduct wou l d  be mon i tored to 
determi ne i f  add i tional  wi l d l  i fe cros s i ngs or  other m i t i gat ion measure are 
needed . Add i t i onal  mi t i gati on may be i dent i f i ed by tel emetry stud i es 
requested by the AGFD wh i ch wi l l  determi ne i f  the k i t  fox d i sp l aced by the 
aqueduct can successfu l ly rel ocate . Add i t i onal  m it i gat i on recommended by the 
FWS , AGFD , BLM , and others wou l d  be impl emented as appropri ate .  Al l a reas of 
construct ion d i sturbance wou l d  be revegetated and areas prev i ou s l y  di sturbed 
wou l d  be overseeded , i f  necessary .  

Transmi s s i on l i nes wou l d  be mon i tored for e l ectrocuti on of 
raptors . I f  adverse effects are di scovered , appropr iate mod if i cati ons wou l d  
be made . 

The fo l l ow i ng recommendations are the resu l t of the U . S .  
F i sh  and Wi l d l i fe Coord i nation Act Report and suppl emental coord i nation l etter 
and were submi tted to the Bureau for cons i derati on for i mp l ementation . 

Recommendati ons 

I t  i s  recommended that the fol l owi ng  mi t i gati on measures be impl emented for 
Tucson Aqueduct Phase B .  

1 .  D i sturbed or c l eared areas shou l d  be revegetated wi th nat i ve p l ant 
spec i es immed i ately after construction . Best ava i l ab l e  methodol ogy and 
necessary measures shou l d  be u sed to i ns ure the effect i veness of th i s  
measure . Because of the d i ff icu l ty of reestab l i sh i ng native vegetat ion 
i n  d i sturbed soi l s ,  the area d i sturbed shou l d  be kept to a mi n i mum. 

2 .  Spec i fi ed sect ions of open canal  shou l d  be fenced wi th an approved des i gn 
wi l d l i fe fence . Des i gns and p l acement s i tes shou l d  be eval uated by AGFD 
and FWS prior  to pl acement . 

3 .  A 2 feet h i gh apron , extend i ng out 1 foot from the fence on the g round 
and made of fi ne mesh fenci ng shou l d  be added to the fence in areas of 
desert tortoi se and G i l a  monster popu l ati ons . 

4 .  Cross i ng structures s hou l d  be prov i ded at appropri ate l ocati ons a l ong the 
cana l . Locati ons and number of cross i ngs  shou l d  be determi ned by AGFD 
based on resu l ts of thei r contract study .  Des i gn standards shou l d 
conform to best ava i l ab l e  des i gn i nformati on . 

5 .  Al l overchutes and road cross i ngs over the aqueduct s hou l d  be modi fi ed to 
a l l ow wi l d l i fe u se .  
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6 .  Rehab i l i tati on and/or estab l i shment  of wi l d l i fe wateri ng  s i tes i n  the 
Tucson Mounta i ns and at off-canal oases shou l d  be accomp l i shed . 
P l acement and numbers wi l l  be determi ned by AGFD , P ima County Parks , NPS , 
FWS and USBR .  

7 .  The 4 secti ons of Ari zona State Trust Land at T . 14S . R . 1 1 E .  Sections 10 , 
1 1 , 14 and 15 and the pri vately owned SW-i of T .  14S . R . 1 1 E .  sect ion  2 
shou l d  be acqu i red as repl acement acreage for habi tat l osses due to canal 
and p i pel i ne construct ion , a wi l d l i fe movement corri dor ,  and to preserve 
27 , 000 M .  thornberi . No deve l opment , i nc l ud i ng construct i on of any 
pub l i c  roads shou l d be permi tted on these l ands . W i l d l i fe fenci ng and 
cross i ngs wou l d  be requ i red for the open canal through th i s  area . 

8 .  A study shou l d  be done to more fu l ly  eval uate the effects of the aqueduct 
on k i t  fox and to suggest m i t i gation for those impacts . 

9 .  Cons truction shou l d  be proh i b i ted i n  the v i c i n i ty of known Harri s ' hawk 
nests from January 1 - June 1 .  In areas of h i gh nes t i ng raptor dens i ty ,  
constructi on act i v i tes may conti nue through th i s  peri od i f  construction 
beg i ns pri or to January 1 .  

10 . Construct i on on the Ea st S i de P l an reach near Tumamoc H i l l shou l d  be 
proh i b i ted from May 1 to October 1 to permi t an ima l s to reach the water 
sou rces on Tumamoc H i l l .  

1 1 .  Where poss i b l e ,  the aqueduct shou l d  be re-routed to avo i d  areas conta i n
i ng spec ia l  status p l ant species . Where th i s  i s  not pos s i b l e ,  measures 
such as d i kes , protecti ve fenc i n g , etc . , shou l d  be used to prevent damage 
to spec imens of Tumamoca macdou a l i i  and Coryphantha scheeri var .  
robusti spi na . Transpl antati on and or sal vage of any spec imens of any 
special status p l ant shou l d  be cons i dered only as a l ast resort to 
prevent destruct ion . 

1 2 .  A da i ly check of a l l construct i on areas shou l d  be made to l ocate and 
remove trapped an imal s from the s i te .  

1 3 .  Al l powerl i nes shou l d  be raptor-proofed to prevent acci denta l e l ectrocu
t ion . 

4 .  Comparati ve Ana lys i s  o f  Al i nements 

Construct i on of any of the al i nements wou l d  resu l t  in seri ous 
impacts to wi l d l i fe wi thout the m it i gati on measures in p l ace . Both U . S .  F i s h  
and Wi l d l i fe Serv i ce and Ari zona Game and  F i sh  have i nd i cated that mi t i gati on 
measures commi tted to i n  th i s  E I S  wou l d  adequate ly  reduce impacts to 
acceptab l e  l evel s for a l l of the act i on a l ternat i ve .  

Western a l i nements wou l d  have greater b i o l og i cal  i mpacts than 
wou l d  eastern a l i nements . Areas of h i gh b i o l og i cal  i mpact for sens i t i ve 
an ima l  and p l ant spec i es are shown on Fi gures 43 , 44 , and 45 . No map i s  
prov i ded for Tumamoc gl obe-berry to protect th i s  spec i es from vanda l i sm or 
theft . U rban encroachment i s  much more preva l ent on the eastern s l opes of the 
Tucson Mounta i ns . As a resu l t of u rban i zat ion most wi l d l i fe mi gratory 
corri dors to the east have a l ready been severed , wh i l e many western m i gratory 
corridors are st i l l  u ti l i zed . Wi th areas such as the Saguaro Nati onal  
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Monument and Tucson Mounta i n  Park prov i d i ng protect i on from u rban i zat ion , 
western areas wi l l  reta i n  the i r  val ue to wi l d l i fe .  M i ti gati on measu res on the 
East S i de route wi l l  decrease the i mpacts to a greater degree than i s  poss i b l e  
for western routes . 

A 1 i nements ut i l i z i ng bu ri ed pi pe for most of the route wou l d  
have l ess  b i ol og i cal  i mpacts than wou l d  a 1 i nements w i th predomi nately open 
aqueduct . Impacts from bur ied p i pe are l imi ted to d i sturbance duri ng 
constructi on and a temporary l oss  of vegetation . Unmi t i gated open aqueducts 
create a drown i ng hazard , movement d i srupt ion , hab i tat separat ion and a 
greater amount of l ong-term temporary and permanent vegetat ion l oss . 

I t  i s  pos s i b l e to compare the wi l dl i fe habi tat l osses that 
wou l d  resu l t  from the constructi on and operat ion of each of the a l ternati ve 
a 1 i nements . The acreages ca l cu l ated i n  Tabl e  2 1  assumed that a l l vegetati on 
i n  the ri ght-of-way wou l d be i n i ti a l ly  destroyed . Permanent l oss  of hab i tat 
wou l d  occur where cana l s and operati on and ma i ntenance roads are constructed . 
Wh i l e  the rema i n i ng d i sturbed areas wi l l  be reseeded , vegetation  
success on prev i ous ly  constructed port ions  of  the  CAP aqueduct has  been h i gh ly  
var iab l e a nd  30  years or more may be requ i red before the natura l vegetat ion i s  
fu l ly reestab l i shed on the d i stu rbed and e l evated soi l s  a l ong the canal 
ri ght-of-way . Add i t i ona l  areas not impacted by construct i on may be subject to 
peri od i c  i nundat ion  by water impounded beh i nd d i kes . 

The agency proposed West S i de P l an wou l d  have the h i ghest 
b i o l og i cal  l osses and , hav i ng more mi l es of open cana l , wou l d  be the l east 
acceptab l e  a l ternati ve for b i ol og i cal  reasons . The Sandari o P l an wou l d  have 
fewer hab i tat acres l ost , wou l d  have l ess  impact on wi l d l i fe movements from 
the Tucson Mounta i ns and wou l d  be l es s  damag i ng to wi l d l i fe than the West S i de 
P l an .  The East S i de P l an , a l though  a c l osed p i pe l i ne for most of i t s  l ength , 
wou l d  have hab i tat l osses and wi l d l i fe impacts on the west s i de from i ts Avra 
Va l l ey del i very cana l . The Sanders-San Joaqu i n  Mod i fi cati on P l an wou l d  
d i s rupt fewer wi l d l i fe movement areas but wou l d  have about the same amount  of 
open cana l  as the Sandar io  P l an .  The most acceptabl e  a l ternat i ves from a 
b i ol og i ca l  standpoi nt wou l d  be the Sandari o-San Joaqu i n  P l an and the No 
Federa l Act i on P l an .  These mostly buri ed p i pe l i ne a l ternati ves wou l d  have 
s i gn i fi cantly fewer acres of hab i tat l ost , wou l d  not be a permanent barri er to 
wi l dl i fe movement over much  of the i r  l engths and because of these factors are 
the preferred a l ternati ves of the FWS and AGFD . 

a .  Impacts of West S i de P l an (Agency Proposed Acti on) 

Wi thout m it i gat i on measures in pl ace , constructi on of th i s  
a 1 i nement wou l d  resu l t  i n  seri ous  impacts to wi l d l i fe .  I n  add i ti on to the 
l ong-term temporary ( 20-30 years ) l oss  of approxi mate ly 2 , 380 acres and 
pennanent l oss  of 367 acres of wi l dl i fe hab i tat , the a 1 i nement wou l d  sever 
wi l d l i fe movements i n  and out of the Tucson Mounta i ns and b i sect k i t  fox , 
desert torto i se and G i l a  monster habi tat . Habi tat destruct i on cou l d  a l so 
impact about 19 ,000 i nd i v i dua l s of Mammi l l ari a thornber i  and 81 Tumamoca 
macdouga1 i i  w i th th i s pl an . 

The northern canal sect i ons wou l d  cross  agri cu l tura l  l ands 
and areas of creosote-bursage hab i tat .  In th i s  area the open canal wou l d 
prevent mu l e  deer and coyotes i n  the Tucson Mounta i ns from reach i ng the 
agri cu l tural areas near Marana , e l imi nat i ng these water and forage areas from 
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use . An ima l s  attempti ng to cross the open canal  cou l d  drown . Ki t fox 
forag i ng areas wou l d  be b i sected by the open canal , e l im i nati ng access to 
areas on the other s i de of the cana l from dens . I f  enough  foragi ng area was 
reduced or e1 imi nated and/or the canal was near enough to the den s i te to 
cause d i rect destruct i on or d i sturbance rel ated abandonment , k i t  fox 
popu l ati ons cou l d  be e l imi nated .  Where the a 1 i nement crosses the Santa Cruz 
Ri ver there wou l d  be a smal l l oss  of ri par ian vegetati on . 

Where the canal wou l d  run south a l ong the west fl ank of 
the Tucson Mounta i n s , the a 1 i nement rema i ns i n  the creosote-bursage hab i tat . 
Ki t fox forag i ng areas cou l d  be b i sected by the open cana l , reduc i ng forag i ng 
area ava i l ab l e .  Ki t fox den destructi on or abandonment may a l so occur .  The 
open canal  wou l d  prevent mu l e  deer , j avel i na and coyotes from l eav i ng  or 
enter ing the Tucson Mounta i ns , preventi ng access  to water and forage i n  the 
Avra Val l ey and e l i mi nati ng d i spersa l movements . The pa l o  verde-mixed cacti 
habi tat adjacent to the a 1 i nement i n  the Tucson Mounta i ns supports h i g h  
concentrat ions  o f  nest i ng raptors i nc 1  ud i ng the Harri s I hawk . Construct i on 
noi se , dust and h uman presence a l ong th i s  reach from January to June cou l d  
cause raptors to abandon the i r  nests . 

The reach between Mi  1 e Wi  de Road and San Joaqu i n Road 
wou l d  be i n  a pal o verde-mi xed cacti and pa l o  verde-creosote trans i t i on type . 
The open canal  wou l d  b l ock  an important movement corri dor for mu l e  deer ,  
jave 1 i na and coyotes between the Tucson Mounta i ns and Brawl ey Wash and the 
Papago I nd i an Reservati on . Constructi on noi se and d i stu rbance cou l d resu l t  i n  
raptor nest abandonment . Desert tortoi se and Gi l a  monster habi tat wou l d  be 
destroyed and i nd i v i dual s wou l d  be k i l l ed by constructi on acti v i t i es . 

Al ong the San Joaqu i n Road the cana l wou l d  s h i ft back  i nto 
creosote-bursage hab i tat . Ki t fox dens and forag i ng areas wou l d  be i sol ated 
or destroyed . The cana l wou l d  impact Gi l a  monster  habi tat here wi th resu l tant 
hab i tat l os s  and poss i b l e  constructi on and drown i ng l osses of i nd i v i dual  
an imal s .  Mu l e deer and bobcat movements through th i s  area wou l d  be prevented 
by the open canal . D rown i ng l osses of these an ima l s cou l d  occur .  

From Ajo Road to  the  northern boundary of  the  San  Xav i e r  
I nd ian Reservat ion , severence o f  coyote movements by the open canal wou l d  
occur .  G i l a  monste rs wou l d  l ose hab i tat as  wel l as i ncurri ng constructi on and 
subsequent drowni ng mortal i ty in the open cana l . Impacts to a l l spec i es from 
the p i pe l i ne wou l d  i nc l ude construct i on mortal i ty ,  habi tat l oss and temporary 
b l ockage of movement corridors . 

The p i pe 1  i ne from the reservat ion boundary to south of 
Bl ack Mounta i n wou l d  temporari ly  b l ock  mu l e  deer , coyote and javel i na 
movements from the western areas of the reservation to the water sources on 
Bl ack Mounta i n .  Habi tat l oss  and constructi on mortal i ty wou l d  effect both 
G i l a  monsters and desert torto i ses . 

The southernmost p i pe l i ne reach to the termi nus  wou l d  
cross mostly desert g rass l and . Construct i on wou l d  temporari l y  b l ock  mu l e  
deer ,  jave1 i na and coyote movements from the B l ack Mounta i n  water sources . 
Desert tortoi ses and G i l a  monsters wou l d  i ncur  constructi on l osses . 

The Indi an De l i ve r  P i pe l i ne wou l d  cross creosote-bursage 
hab i tat . Ki t fox dens and forag i ng  areas cou l d  be d i sturbed duri ng 
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construct i on . G i l a  monster habi tat wou l d  be l ost and there may be construction 
rel ated mortal i ty .  

The Tucson water treatment p l ant del i very l i ne wou l d  cross 
pal o verde-mi xed cacti habi tat .  Temporary b l ockage of  mul e  deer , javel i na and 
coyote movements wou l d  occur .  Constructi on i n  the area from January to June 
wou l d  di sturb nesti ng raptors , cau s i ng nest abandonment . Desert torto i se 
wou l d  l ose hab i tat and i ncur construction morta l i ty .  Several hundred 
Che i 1 anthes pri ng1 e i  cou l d be  affected i n  th i s  area . 

b .  Impacts of Sandario  P l an 

From the termi nus of Phase A to the i ntersecti on of Twi n  
Peaks and Sandari o Roads , i mpacts to wi l d l i fe wou l d be the same as i n  the 
West Si de P l an .  The p i pe l i ne on Sandari o Road wou l d  go through creosote 
bursage , u rban l ands and pa1 0verde-mi xed cactus habi tat types and wou l d  pass 
through or a l ong 4 . 5  m i l es of t he Saguaro Nati onal Monument .  Loss of hab i tat ,  
temporary habi tat d i v i s i on and temporary b l ockage of  mu l e  deer , coyote and 
javel i na movements between the Tucson Mounta i ns and the Avra Val l ey 
wou l d  occur .  Constructi on acti v i t i es and human presence cou l d  cause den 
abandonment by k i t  fox and nest abandonment  by raptors i f  constructi on were 
near den and nest i ng areas .  Many raptors , i nc l udi ng  Harri s '  hawks , nest on 
and near the Saguaro Nationa l  Monument . Up  to 2 , 107 acres of w i l dl i fe habi tat 
wou l d  be subject to l ong-term temporary l oss or d i sturbance , 263 acres wou l d  
be permanently l os t ,  and severa l  thousand Mammi l l aria  thornberi and an 
undetermi ned number of Tumamoca macdouga1 i i  cou l d  be i mpacted wi th th i s  p l an . 

Bel ow the i ntersecti on of Sandari o and Mi l e  W i de Roads , 
the a 1 i nement  wou l d  be i denti ca l  to the West S i de P l an and thus wou l d  have the 
same i mpacts on wi l dl i fe .  Impacts from the Papago I nd i an Reservati on and 
Tucson water treatment pl ant del i very l i ne wou l d  a l so be the same as from the 
West S i de P l an .  

c .  Impacts of Sandario  - San Joaqu i n  P l an 

W i l d l i fe i mpacts from th i s  p l an wou l d  be the same as the 
West S i de P l an from the termi nus of Phase A to the I ntersect i on of Twi n  Peaks 
and Sandari o Road and the same as the Sandari o Pl an to the i ntersecti on of 
Sandari o and San Joaqu i n  Roads . Approxi mate ly  1 , 701  acres of wi l dl i fe habi tat 
cou l d  be temporari l y  i mpacted , 1 73 acres wou l d  be permanently l os t ,  and a 
thousand or more Mammi l l aria  thornberi and an undeterm i ned number of Tumamoca 
macdouga 1 i i  cou l d be i mpacted with thi s  p l an . 

The p i pe l i ne a l ong San Joaq u i n  Road crosses pa l o  
verde-mi xed cacti and creosote bursage hab i tat . An i mportant movement 
corri dor for mu l e  deer , coyote and bobcat wou l d  be temporari l y  d i s ru pted by 
construct ion . Ki t fox dens and raptor nests l ocated near the a 1 i nement  cou l d 
be abandoned as a resu l t of constructi on d i sturbance . Desert tortoi se and 
Gi l a  monsters may have constructi on i nduced mortal i ty .  

Bel ow Ajo Road the p i pe l i ne wou l d  cross creosote bursage 
and desert grass 1  and hab i tat ajacent to urbani  z i ng 1 ands . Coyote movements 
through th i s  area wou l d  be temporari l y  i nterrupted by constructi on , and G i l a  
monsters may have constructi on rel ated mortal i ti es . Impacts on wi l d l i fe wou l d  
be i dent i cal  to the West S i de P l an impacts through  the San Xav i er I ndi an 
Reservation . 
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The Papago I nd i an Reservati on del i very l i ne wou l d  cross 
mostly creosote-bursage hab i tat . Kit fox dens may be d i sturbed by 
constructi on act i v i ti es and there may be l os ses of G i l a  monsters to 
construct i on acti v i t i es . The Tucson water treatment p l ant del i very l i ne wou l d  
cross pa l o  verde-mi xed cactus , creosote bu rsage and urban i zed l ands . 
Morta l i ty of desert tortoi se at  constructi on s i tes and hab i tat l os s  are the 
impacts that can be expected a l ong  th i s  del i very l i ne . Raptor nest 
abandonment is poss i b l e near Cat Mountai n  where the p i pe l i ne crosses Tucson 
Mounta i n  Park south of the proposed treatment pl ant s i te . As stated 
prev i ous ly , construction acti v i ty and human presence cou l d cause raptors to 
abandon the i r  nests . 

d .  Impacts of Sanders-San Joaqu i n  Mod i f i cati on Pl an 

Wi th th i s  pl an approxi mately  2 , 340 acres of wi l d l i fe 
hab i tat wou l d  be temporari ly  i mpacted , 289 acres wou l d be permanently l ost , a 
thousand or more M .  thornberi and an undetermi ned number  of T .  macdouga 1 i i 
wou l d  be impacted . Wi l dl i fe i mpacts from th i s  p l an wou l d  be the same as the 
West S i de Pl an from the terminus  of Phase A to the Sandario  pump i ng p l ant and 
about the same as the Sandari o-San Joaqu i n  P l an to the southeast corner of the 
proposed wi l d l i fe movement corri dor wi th the fol l owi ng  excepti on .  The 
Sanders-San Joaqu i n  Mod i f icati on P l an wou l d  have p i pe l i ne one mi l e  further 
west--at the west boundary of the Saguaro Nat i onal  Monument--than that of the 
Sandario-San Joaqu i n  P l an and wou l d  have greater impacts to k i t  fox and l ess  
impact to desert tortoi ses . A l l other speci a l  status spec i es impacts wou l d  be  
s imi l ar to those i ncurred from the Sandari o-San Joaqu i n  P l an . 

From the southeast corner of the wi l d l i fe movement  
corr idor to  the  beg i nn i ng of the  d i ke ( about two mi l es west of the  San  Xav i er 
pump i ng p l ant ) , the aqueduct rema i n s  i n  buri ed pi pe for 2 . 75 mi l es and 
transects ma i n ly  creosote bu rsage habi tat i mportant to k i t  fox .  From the 
beg i nn i ng of the d i ke southward the impacts are i dentical  to those from the 
West S i de P l an . The impacts from the Papago I nd ian  Reservat i on and the Tucson 
Water treatment p l ant wou l d  a l so be the same as from the West S i de P l an . 

e .  Impacts of East S i de P l an 

Approx imately  2 ,389 acres of wi l d l i fe habi tat wou l d  be 
subject to l ong-term temporary ( 20-30 years ) l oss and 250 acres wou l d  be 
permanently l ost . Over 10 ,000 Mammi l l aria  thornberi and an undetermi ned 
number of Tumamoca macdouga l i i  cou l d  be impacted wi th th i s  p l an , primari ly  
from the Avra Val l ey del i very l i ne .  The i n i ti a l  canal section from Tangeri ne 
Road and Ina  Road wou l d  extend through a d i sturbed pa l o  verde-mi xed cact i 
habi tat area . Coyote movements across the area wou l d  be b l ocked by the open 
canal  and habi tat part i t i on i ng wou l d  affect sma l l mammal s ,  repti l es ,  and 
amph i b i ans . 

At I na Road the aqueduct wou l d  be p l aced i n  a p i pe l i ne and 
wou l d  run a l ong  c i ty streets . Local i zed construction i mpacts ( no i se , dust and 
vegetation removal )  wou l d  be the major d i sturbances to wi l d l i fe .  I n  the reach 
between Twi n  H i l l s and Tumamoc H i l l ,  constructi on from May to October wou l d  
b l ock  mu l e  deer and javel i na from important water sources on Tumamoc H i l l .  
Constructi on near nesti ng  raptors from January to June cou l d  resu l t  i n  nest 
abandonment . Desert tortoi se morta l i ty from constructi on act i viti es wou l d  
al so occur .  Some r i pari an vegetati on wou l d  be  l ost  where t he  p i pe l i ne wou l d 
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cross the Santa Cruz R i ver .  Beyond Ajo Road the impacts of th i s  route wou l d  
be the same as for the West S i de P l an . 

The I nd i an Del i very L i ne wou l d  go through pa l o  verde-mixed 
cacti and creosote-bursage hab i tat .  Ki t fox foragi ng  areas wou l d  be 
temporari l y  b i sected and dens cou l d  be d i sturbed or abandoned as a resu l t of 
adjacent construction . Desert torto i se and G i l a  monster habi tat wou l d  be l ost 
and i nd i v i dua l s l ost to construct i on .  La rge an i ma l  movements wou l d  be 
temporari l y  cu rta i l ed .  

The Avra Val l ey del i very l i ne wou l d  have very s im i l ar 
impacts to wi l d l i fe as the agency p roposed West S i de P l an s i nce they both 
fol l ow approximately the same route . These a re s i gn i fi cant impacts and are 
d i scussed i n  the eva l uat i on of the West. S i de P l an .  The extent and degree of 
impacts from the 1 a rgely open canal  West Si  de P l  an are far more severe than 
the impacts from the c l osed pi pe East S i de P l an . However ,  if the impacts 
assoc i ated wi th the Avra Val l ey del i very l i ne canal  are comb i ned wi th Ea st 
S i de Pl an impacts , the gap between the two a l i nements narrows cons i derab ly .  

f .  Impacts of No Federal Act i on P l an 

Approxi mately  1 , 391 acres of wi l dl i fe habi tat wou l d  be 
subject to l ong-term temporary ( 20-30 years ) l oss and 135 acres wou l  d be 
permanently l ost .  I t  i s  not expected to s i g n i f i cantly i mpact any spec i a l 
s tatus spec i es .  

The i n i ti a l  canal section  from Tangeri ne Road and Ina  Road 
wou l d  extend through d i sturbed pa l o  verde-mi xed cact i  habi tat area . Coyote 
movements across the area wou l  d be b l ocked by the open cana l  and habi tat 
part i t i on i ng wou l d  affect sma l l mammal s ,  repti l es ,  and amph i b i ans . 

The aqueduct may be p l aced i n  a p i pel i ne at  I na Road and 
wou l d  run a l ong c i ty streets . Local i zed construct i on i mpacts ( no i se ,  dust , 
and vegetat ion removal )  wou l d be the major d i stu rbances to wi l dl i fe .  

I n  the reach between Twi n  H i l l s  and Tumamoc H i l l ,  
constructi on from May to October wou l d temporari ly  b l ock  mu l e  deer and 
javel i na from i mportant  water sources on Tumamoc H i l l .  Construct i on near 
nest i ng raptors from January to June coul d  resu l t in nest abandonment . Desert 
tortoi se mortal i ty from constructi on act i v i t i es cou l d  a l so occur .  

5 .  I nd i rect Impacts 

The major i nd i rect impacts associ ated wi th the aqueduct wou l d  
be from the water di stri but i on system . Th i s  system wou l d  con s i st of canal s 
rad i at i ng from the ma i n  aqueduct to the water users wi th i n  the serv i ce area . 
These cana l s  wou l d  cau se the typi cal  impacts of habi tat l oss and wi l d l i fe and 
movement pattern severance associ ated wi th cana l s  and wou l d compound the 
impacts of the ma i n  aqueduct . Such cana l s  constructed by Recl amati on or wi th 
Recl amation ( P . L .  84-984 or P . L .  84-130 )  l oans wi l l  requ i re further 
envi ronmental ana lys i s  as part of the l oan  proces s .  Th i s  analys i s  wou l d  
requ i re the devel opment of mi t i gati on measures as appropri ate , and f i l i ng of 
the req u i red NEPA documents . 
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Mi t i gat ion for these impacts wou l d  i nc l ude revegetat ion of 
d i stu rbed areas not requ i red for operati on and ma i ntenance of the aqueduct . 
Protected native p l ants wou l d  be removed or transpl anted . Fenci ng and escape 
ramps wou l d  be provi ded to prevent drown i ng l osses . Cross i ng structures wou l d  
be constructed as needed to mi n im ize d i s rupti on of movement patterns . The 
enti re water d i stri bution system wou l d  be mon i tored for effecti veness of 
mi t i gation to i nsure compl i ance of commi tments . 

I n  add i t ion , farml and may be created or ma i nta i ned wi th the 
water from Phase B on the Shu k Toak and San Xav i er Papago I nd ian  Reservati ons 
and in Avra Val l ey .  The area at the eas tern end of the Garc i a  Stri p of the 
Papa go I nd i an Reservat i on may be converted from natura l  vegetati ve types to 
agri cu l ture wi th CAP i rri gat i on .  Overa l l ,  37 ,800 acre-feet of water may be 
used for devel opment of new fa rm l and on the Papa go I nd i an Reservation . Th i s  
wou l d  i nvol ve l osses of creosote-bursage and mesqu i te bosque hab i tat types .  
These l a rge area l and a l terat ions shou l d  not s i gn i fi cantly affect wi l d l i fe 
movement patterns , and water i n  the f i el ds may attract wi l dl i fe .  

These i mpacts wi l l  be covered i n  greater deta i l i n  subsequent 
NEPA comp 1 i ance documents to be prepared for I nd ian and non- I nd ian  water 
d i stri but i on systems . 

6 .  Short-Term and Long-Term Impacts and As soc i ated M i t igation 

Short term impacts ( those wh i ch do not resu l t  i n  a l oss of 
wi l d l i fe or hab i tat )  wou l d  occur due to construction act i v i ty .  These impacts 
wou l d  be ma i n ly short period di stu rbances of wi l d l i fe caused by man ' s  
i ntru s i on i nto the ecosystem.. Impacts of th i s  nature to wi l d l i fe wou l d  
i nc 1  ude d i  sturbance and d i  sp1  acement due to constructi on act i v i t i es such as  
movement of heavy equ i pment , noi se , dus t ,  or  harassment  ( i ntenti onal or  
u n i n tent i onal ) of wi l d 1 i fe by constructi on personne l . The no i se and human 
presence i nvol ved in aqueduct construction a l ong the west fl ank of the Tucson 
Mounta i ns wou l d  d i sturb raptor nesti ng .  Most raptors are i ntol erant of human 
acti v i ty near th ier  nests and cou l d  abandon eggs or young i f  d i sturbances were 
near enough . In  add i t ion , p i pel i ne construct i on wi th the East S i de P l an 
between Tumamoc H i l l  and Twi n  H i l l s  i n  the Tucson Mounta i ns wou l d  temporari ly 
bl ock the water sou rces on  Tumamoc H i l l  from mu l e  deer and javel i na .  P i pel i ne 
construct i on through the wi l d l i fe movement corri dor w i th the Sandari o-San 
Joaq u i n  and the Sanders-San Joaq u i n  Mod i f i cat ion P l ans wou l d  a l so temporari ly  
b l ock  access to water sources and fawn i ng areas . 

A search and remova l of spec i es a l ong  the ri ght-of-way wou l d  be 
i mp1  emented pr ior to construct ion to prevent l osses due to constructi on 
(Chapter I I IA . 3 . ) .  Contractor crews wou l d  be d i scouraged from col l ecti ng or 
d i sturb i ng desert torto i se , G i l a  monsters , or raptor nests du ri ng  constructi on 
and wou l d  be adv i sed of AGFD and Federal Regu l ati ons perta i n i ng to the 
protecti on of these spec i es .  Construction d i sturbance a l ong the East Si de 
a 1 i nement near Tumamoc H i l l  shou l d be mi n imi zed from May 1 to October 1 
( Chapter I I I . A . 3 . ) .  

Canal construction wou l d  permanently remove a l l vegetat ion from 
a stri p equal i n  wi dth as the canal  and necessary access and ma i ntenance 
roads . Permanent hab i tat l oss  a l ong a p i pe l i ne wou l d  be confi ned to the wi dth 
of the access road . Over t ime , d i sturbed ground areas i nc l ud i ng p i pe1  i ne 
corri dors and fl ood retard i ng structures wou l d  revegetate , but  fu l l  recovery 
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to ori g i na l  condi t ions  of these d i sturbed areas may not occur wi th i n  the l i fe 
of the project even wi th revegetati on efforts . Desert hab i tats are very 
suscept i b l e to damage and re-estab 1 i shment of some spec i es i s  extremely  s l ow .  

Removal o r  transpl antati on o f  protected nat i ve p l ants , when 
requ i red , wou l d be coord i nated w i th the Ari zona Commi s s i on of Agr icu l ture and 
Hort icu l ture i n  accordance wi th the Ari zona Nat i ve P l ant Law (ARS , Chapter  7 ,  
Art i c l e I ) .  Procedures to be deve l oped i n  coordi nat i on w i th the FWS wi l l  be 
used to mi n i mi ze impacts to candidate pl ant spec ies for the Federal Threatened 
and Endangered Spec i es Li st .  Techn i ques may i nc l ude remova l and 
transpl anti ng , preservati on on s i te ,  construct i on of add i ti ona l  water 
overchutes to m i n imi ze fl ood i ng  and downstream impacts , hab i tat acqu i s i t i on ,  
and fenci ng and di k i ng to preserve the p l ants i n  pl ace ( Chapter I I I . A . 3 . ) .  

M i t i gati on for destroyed habi tat wou l d  cons i st of revegetat i on 
attempts on a l l constructi on d i sturbed areas not requ i red for operati on and 
ma i ntenance of the aqueduct . Revegetat i on wou l d  be attempted on a l l spo i l  
areas , borrow areas , and protecti ve d i kes immedi ate ly  after they are u sed or 
constructed to take advantage of the soi l  mo i stu re res u l t i ng from the dust 
abatement program . A l l areas of construct i on d i stu rbance wou l d  be revegetated 
and areas prev i ous ly  d i sturbed wou l d be overseeded , i f  necessary ( Chapter 
I I I . A . 3 . ) .  

Temporary but l ong term l osses of exi sti ng vegetat i on i nc l ude 
the l oss  of 2 , 389 acres for the East S i de Pl an , 2 , 380 acres for the West S i de 
P l an , 2 , 340 acres for the Sanders-San Joaqu i n  Mod i f icati on Pl an , 2 , 107 acres 
for the Sandar io  P l an , 1 , 701 acres for the Sandari o-San Joaqu i n  P l an , and 
1 , 391 acres for the No Federa l Acti on P1 an . Long-term impacts wou 1  d a l so 
resu l t  from drown i ng l osses , habi tat di sturbance , and movement pattern 
severance . Part i a l  m i t i gati on wh i ch may prevent some wi l d l i fe drown i ng l osses 
wou l d  cons i st of a rough , broom fi n i sh on the u pper 5 feet of the canal  
l i n i ng ( C hapter I I I . A . 3 . ) .  

W i l dl i fe-proof fenc i ng wou l d  be u sed a l ong canal sect i ons  wh i ch 
present a s i g n i fi cant drown i ng hazard . Des i gn of th i s  fence wou l d  be 
determi ned after consu l tat i on w i th i nterested agenci es ( Chapter I I I . A . 3 . ) .  
Th i s  fence wou l d  i nc l ude a sma l l mesh  barr ier  at the bottom through  areas 
where desert tortoi ses and G i l a  monsters occur .  

The fi rst phase of  the mi t i gati on p l an wou l d  i nc l ude 
construction of s i ng l e-purpose wi l dl i fe cross i ngs , a l ong wi th veh i cu l ar 
br idges , overchutes and other cross i ngs wh i c h  wou l d  a l so be mod if i ed for u se 
by wi l dl i fe .  The f ina l  number and l ocati on of these crOSS i ngs  wou l d  be 
determi ned through negoti ati on w i th the FWS and the AGFD prior to fi nal 
aqueduct des i gn , so that the i r  construction may take p l ace as part of the 
general aqueduct construct ion  ( Chapter I I I . A . 3 . ) .  

M i t i gat i on for movement sev�ance wou l d  i nc l ude the acqu i s i t ion 
of a wi l dl i fe movement corri dor ( 4 . 25 mi ) i n  T .  14S . R . l lE . ,  Secti ons 10 , 
1 1 ,  14 , and 15  and SWi of T . 14S . R . 1 1E Sect i on 2 wh i ch wou l d  be tu rned over to 
a natura l  resou rce agency for management as wi l dl i fe habi tat ( Chapter 
I I I . A . 3 . ) .  
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Wi l d l i fe wateri ng  s i tes wou l d  a l so be i nc l uded as fi rst phase 
mi t i gat ion , and wou l d  be constructed as part of the aqueduct constructi on 
pri or to aqueduct compl eti on . The fi nal  numbe r ,  l ocati on , and des i gn of these 
water ing  structu res wou l d be determi ned through negoti ati on wi th i nterested 
wi l d l i fe agenc i es prior to fi nal  des i gn of the aqueduct { Chapter I I I . A . 3� } .  

Vegetati on wou l d  be mon i tored and basel i ne data recorded . A l l 
wi l d l i fe cross i ngs and wateri ng  s i tes wou l d  be mon i tored to determi ne use and 
to i nsure that they are properly l ocated . The ent i re l ength of the aqueduct 
wou l d  be mon i tored to determi ne i f  add i t iona l  wi l dl i fe cross i ngs or other 
m it i gat i on measures are needed { Chapter I I I  A . 3 . } .  

A study to mon i tor k i t  fox popu l ati ons and the i r  response to 
the aqueduct wi l l  be i mpl emented to del i neate prob l ems and suggest mi t i gati on 
measures i f  needed { Chapter  I I I . A . 3 . } .  

Al l stock tanks  wh i ch are not i n  the constructi on ri ght-of-way 
wou l d  be l eft undi sturbed . Stock tan ks wh i ch wou l d  be removed due to 
construct i on or dewatered due to p l acement of fl ood protecti on structures 
wou l d  be rebu i l t  i n  areas where fl oodfl ows can be i ntercepted { Chapter 
I I I . A . 3 . } .  

A l l powerl i ne pol es wi l l  be of a des i gn that wi l l  prevent 
acc i dental e l ectrocut i on of raptors . Constructi on d i sturbance wi l l  be 
mi n imi zed from January 1 to June 1 i n  areas of Harr i s hawk nesti ng 
popu l ations . 

The l ong term effects of each a l ternati ve i nc l udes the 
permanent l oss  of 367 acres of wi l d l i fe habi tat for the West S i de P l an , 289 
acres for the Sanders-San Joaqu i n  P l an , 263 acres for the Sandari o  P l an , 250 
acres for the East S i de P l an , 173 acres for the Sandari o-San Joaqu i n  P l an , and 
135 acres for the No Federa l Acti on P l an . A l l wi l d l i fe wh i ch requ i re th i s  
habi tat for the i r  exi stence , primari ly sma l l mall111a l s and some spec i es of 
rept i l es and amph i b i ans  wou l d  be l ost as wou l d  the i r  future producti on .  

B .  Water Resou rces 

1 .  Su rface Water 

a .  Descript i on of Exi st i ng Cond i ti ons 

The primary surface water features wi th i n  the Phase B 
project area are the Santa Cruz R i ver  and i ts pri nc i pl e  tributar ies , Brawl ey 
Wash , Canada De l Oro Wash , and the R i l l i to R i ver .  These streams , wi th the 
except i on of the Santa C ruz from Tucson to the v i ci n i ty of the Cortaro Marana 
I rri gati on D i stri ct , are a l l i ntermi ttent . Few i f  any d i rect uses are made of 
the l imi ted surface water resou rces i n  the upper Santa Cruz R i ver  bas i n .  The 
primary water sou rce for mi neral  product ion , domest i c ,  mun i c i pa l , and 
agri cu l tu ral  u ses i s  pumped ground water .  The occas i onal  su rface fl ows 
i nfi l trate the norma l ly dry stream courses to be  l ost  to evapotranspi rat i on or 
to recharge the u nderlyi ng g round water aqu i fers . 

The i nteract ion between Phase B of the Tucson Aqueduct and 
the l oca l su rface water system wi l l  be very l imi ted , confi ned to prov i d i ng 
cross-dra i nage control and protection for the aqueduct . 
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Natural ly occurri ng runoff a l ong  the a l ternat i ve routes i s  
typ i cal  of centra l Ari zona , bei ng h i gh l y  errati c i n  rate and vol ume , usual ly  
sediment l aden , a nd  present only i n  d i rect response to l ocal prec i p i tati on . 
No cont i nuous records of surface water qual i ty for the area ' s  major streams 
are ava i l ab l e due to the sporad i c  fl ow reg ime and the non-use of th i s very 
l imi ted resource . 

b .  Construction Impact Analys i s  

Port i ons of Phase B of the Tucson Aqueduct wou l d  requ i re 
cross-dra i nage protection  to prevent fl ood damage to the aqueduct and a l l ow 
l oca l runoff to pass the aqueduct a l i nement wi thout enteri ng or mi x i ng wi th 
project water suppl i es .  Deta i l ed cross-dra i nage pl ans wi l l  be prepared duri ng 
the f i na l  des i gn stage i mmedi ately  before construction . 

For the open cana l  port i ons of the aqueduct , 
cross-drai nage protection i s  typi cal ly provi ded by fl oodwater retard i ng d i kes , 
overchutes , or cu l verts . W i th the except i on of fl oodwater retard i ng 
structures , these cross-dra i nage structures resu l t  i n  mi n i ma l , i f  any , 
di sturbance to the natura l  dra i nage channe l s  or  a l terati ons of natura l  runoff . 
More spec if i c  d i scu s s i on of cross-drai nage structures and i nfl uences can be 
fou nd i n  the Sal t-G i l a  Aqueduct Envi ronmenta l Statement ( Bu reau of Recl amati on 
1979 ;44 ) . 

The p i pe l i ne port i ons of each route are of l i tt l e  concern 
to l ocal dra i nage except duri ng construction . P l ans are to bury the p i pe 
segments of the aqueduct whi ch wou l d  nei ther obstruct nor s i gn i f icantly a l ter 
the natura l  terra i n ,  obv i at i ng the need for cross-drai nage structures . Norma l 
construct ion methods are to open the trench i n  wh i ch the p i pe i s  l a i d  
i mmed i ately  ahead of the pi pe i nsta l l at ion area , and backfi l l  the trench 
i mmed i ately beh i nd .  Therefore , the acti ve construct ion area may be re l at i ve ly  
sma l l and  cont i nuous ly  mov i ng , reduci ng the  construction t ime in  any g i ven  
area to weeks for sma l l pre-cast p i pe s i zes up  to severa l months  for l arger 
cast- i n-p l ace p i pes . 

Shou l d  l ocal storms produce runoff i n  the constructi on 
area wh i l e  the trench i s  open or before backfi l l i ng i s  comp l ete , the most 
l i ke ly  i mpact wou l d  be i ncreased sed iment concentrations  i n  the runoff waters 
pass i ng the s i te .  Because surface waters are unused and normal l y  h i gh i n  
su spended sed iments , typi ca l  of desert ra i nfa l l - i nduced su rface fl ows , 
i ncreased sed iment l oads are of l i tt l e  consequence . 

Open cana l construct i on d i ffers from p i pe l i ne construct i on 
both i n  the amount of surface d i sturbance and i n  the l ength of t ime over wh i ch 
d i sturbance occurs . Larger constructi on areas , up  to severa l  mi l es i n  l ength , 
and l onger peri ods of surface d i sturbance , 1 to 2 years , i ncrease the 
l i kel i hood of construct i on act i v i t i es impacti ng  the area ' s  surface water re
sources . However ,  the impact i s  aga i n  l imi ted to the potent ia l  of i ncrea s i ng 
sedi ment concentrations , i f  and when runoff passes through the di sturbed 
construct i on area . The typi ca l  sequence of open cana l  construct i on i s  removal 
of vegetati on , prewetti ng ,  earth mov i ng ( excavation and fi l l )  to create the 
cana l  pr ism ,  fi na l  shap i ng , concrete l i n i ng ,  c l ean up  and revegetation . From 
the t ime earth movi ng beg i ns unt i l cross-drai nage structu res are compl ete and 
in serv i ce ( usua l ly  pr ior to the cana l  l i n i ng phase ) ,  the area i s  rel at i ve ly  
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more exposed to produc i ng  h i gh sed iment l oads than i n  i ts natura l  state . 
Agai n ,  however ,  i ncreased sed iment l oads a re of l i ttl e consequence . 

Power Transmi s s i on Fac i l i t i es 

None of the transmi s s i on l i ne  routes wou l d  i mpact 
water resou rces i n  terms of ava i l ab i l i ty or quant i ty .  I f  constructi on 
act i v i t i es take p l ace dur i ng  peri ods when water i s  i n  the streambeds , there 
may be s hort-term impacts to water qual i ty by i ncreas i ng tu rb i d i ty and 
sed imentati on duri ng constructi o n .  The probl em wi l l  be e l imi nated or 
mi n i mi zed by the carefu l sel ecti on of cross i ng l ocat i ons and avoi dance of 
sens i t i ve areas . In add i t ion , care wi l l  be exerc i sed to avo id  the sp i l l i ng or 
d i scharge of contami nants (o i l s ,  gas , etc . ) i nto stream channel s  duri ng 
constructi on . 

c .  Comparat i ve Analys i s  o f  Al i nements 

As i nd i cated above , the primary d i fference i n  potent i a l  
i mpacts o n  l oca l surface water i s  re l ated to whether the aqueduct i s  
constructed as a p i pel i ne or a n  open canal . I n  e i ther case , however ,  su rface 
water i mpacts shou l d be  l imi ted to cross dra i nage and occa s i onal  i ncreases i n  
sed iment concentrati ons du r i ng  construct i o n .  

d .  I nd i rect Impacts 

Use of CAP water i n  the study area wi l l  have l i tt l e  i f  any 
affect on the nature , occu rrence , frequency or magn i tude of the area 1 s  surface 
waters . Because the Phase B area i s  tota l ly dependent on g round water as i ts 
supply sou rce and the surface and g round water systems are general ly  
hydrau l i cal ly i ndependent , changes i n  the use of  g round water rel ated to CAP 
de l i ver ies wi l l  not resu l t  i n  major changes to the surface water system . 

Longstand i ng water ponds that may occur  beh i nd d i kes or 
spoi 1 ban ks wi 1 1  be mon i tored for vectors . County heal th authori t i es wi 1 1  
i mp l ement vector contro l  measures i f  necessary .  In sect i c i des wi l l  only be 
appl i ed to a reas whe re i t  cannot enter the aqueduct water .  

2 .  Ground Water 

a .  De scri t i on of Ground Water Occu rrence and 
Project rea 

i n  

The project area general ly ove rl i es the eastern porti on of 
the Lower Santa Cruz and the northern port i on of the Upper Santa Cruz 
Bas i ns and the Avra Val l ey Bas i n  ( Laney et a l . 1978 ) . These bas i ns are 
current ly  be i ng overdrafted far i n  excess of natura l  recharge . Average annual  
overdrafts are reported to be 520 , 000 acre-feet i n  the Lower Santa C ruz Bas i n  
(AWC 1975 : 24 ) , and , accord i ng to the Ari zona Department o f  Water Resources 
(ADWR ) ,  the comb i ned overdraft i n  the Upper Santa Cruz and Avra Val l ey bas i ns 
i n  1979 tota l ed 190 , 000 acre-feet . Depths to ground water i n  the project area 
i n  1972 are depi cted on F i g u re 46 ( USGS 1973 ) and vary from l ess than 100 feet 
bel ow g round surface under the Santa Cruz  Ri ver Channel through Tucson to an  
excess of 700 feet be l ow l and s urface at several mounta i n-front l ocat i ons . 
New data , refl ect i ng 1982 g round-water l evel data for the Upper  Santa C ruz  
Bas i n  and  1983 ground-water l evel data for the Lower Santa Cruz  Bas i n , are 
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avai l ab l e from the ADWR . General l y ,  these data revea l that the ground-water 
bas i n s  depi cted on F i gure 46 are cont i nu i ng to be depl eted i n  excess of the 
recharge rate . For examp l e ,  depths to ground-water have i ncreased i n  the 
Tucson Metropol i tan area between 5 and 30 feet s i nce 1972 . 

The l ong  tenn h i stori c trend for grou nd water l evel s  i n  
the serv i ce area shows a decl i n i ng stat i c  l evel th roughout most of the area . 
I n  recent years , i ncreases i n  stat i c  ground-water l evel s have been observed i n  
sel ected l ocati ons w i th i n  the study area . I n  general , however ,  a compari son 
between current g roundwater l evel data and h i stori c data revea l a s i gn i fi cant 
sh i ft from an equ i l i bri um cond i ti on to a serious overdraft s i tuat i on .  Th i s  
overdraft s i tuati on wh i ch has caused severely  l owered ground water e l evations 
i n  certa i n  areas , has a l so caused l and subs i dence and earth fi s sures . 
Subs i dence occurs through compact ion of sedi ments i n  and be l ow dewatered 
zones . Earth f i s s ures general ly occur around the peri phery of bas i ns wi th 
ground-water decl i nes and subsidence . 

b .  Water Qual i ty 

Qual i ty of the ground water i s  shown on F i gure 47 ( USGS 
1974)  i n  terms of tota l d i ssol ved sol i ds ( sa l i n i ty ) . Most of the a l l uv i a l  
area i s  underl a i n  by ground water o f  1 , 000 mi l l i grams per l i ter ( mg/ l ) o r  l ess  
of di ssol ved sol i ds . Th i s  water is  genera l ly su i tab l e  for most  purposes 
i nc l udi ng crop i rri gati on and dri n k i ng .  The primary consti tuents of l ocal 
ground waters wh i ch are of concern from a dri n k i ng water perspecti ve are 
sa l i n i ty ,  fl uori de , n i trate , su l fate , hardness , and tri ch l oroethyl ene ( TCE ) .  
The Ari zona Dri n k i ng Water Regu l at i ons  (ADHS 1978)  estab l i sh maxi mum 
contami nant l evel s ( MCl ) for vari ou s i norgan i c ,  organ i c , and mi crob i ol og i ca l  
contami nants . F l ou ri de a nd  n i trate ( as N )  concentrati ons i n  dri n k i ng water 
are l imi ted by these regu l at i ons  to 1 . 4 mg/ l  and 10 . 0  mg/ l respecti ve ly .  
Hardness , sal i n i ty ,  and  su l fate are l i sted as  secondary contami nants for wh i ch 
no MCl i s  are estab l i s hed . TCE i s  not currently l i sted i n  the Federa l or State 
Dri n k i ng Water Regu l at i ons . 

Concentrati on of d i s sol ved sol i ds was addressed by the 
EPA Nati onal  I nterim  Primary and Secondary Dri n k i ng Water Regu l ati ons wh i ch 
recommended sa l i n i ty concentrati ons  of no more than 500 mg/ l  pr imari ly  on the 
bas i s  of taste , a l though more sal i ne water i s  cOl1ll1on ly  u sed for publ i c  
suppl i es i f  l ower concentrati ons  are unava i l ab l e .  

Hardness i s  cau sed ma i n ly  by the cal c i um and magnes i um 
content of water wh i ch reduces the effecti veness of soap and causes 
encrustati on of p i pes and app l i ances . Hardness i s  not known to be a hea l th 
hazard and , therefore , no MCl has been set or l imi t recommended . Water w i th a 
hardness of l ess  than 150 mg/ l i s  not genera l ly objecti onab l e  for domest i c  
supp l i es .  

S u l fate i s  i nc l uded i n  the EPA l s  Nati onal I n terim  Primary 
and Secondary Dri n k i ng Water Regu l ations wi th a Secondary MCl set at  250 mg/ l . 
S u l fate i n  the form of magnes i um su l fate i s  known to have a purgat i ve effect 
on i nd i v i dual s ,  wi th some i nd i v i dua l s bei ng more sens i ti ve than others . The 
State of Ari zona has set no MCl for th i s  const i tuent . 

Al though no standard has been set by the State of Ari zona 
for TCE , an "acti on l evel " of 5 parts per b i l l i on has been set by the ADHS at 
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wh i ch t ime i nten s i ve stud i es focus i ng on cause and mi ti gati on begi n .  TCE i s  a 
suspected carc i nogen . 

Most of the ground water i n  the project area meets both 
the Ari zona Dri nk i ng Water Regu l ati ons and the U . S .  Pub l i c  Hea l th Serv i ce 1 962 
recommended standards , the primary undes i rabl e bei ng  excess hardness . 
Hardness can be reduced by use  of a water-soften i ng or de ion i z i ng system . 
Water soften i ng does not reduce the d i ssol ved sol i ds concentrati on but 
exchanges ca l c i um and magnes i um for sod i um ,  thereby reduc i ng the hardness .  
The i ncreased sod i um content , howeve r ,  i s  undes i rab l e  for persons w i th heart 
prob l ems or otherwi se med i ca l l y  restri cted to l ow-sal t ( NaCl ) d i ets . 

Other consti tuents of concern are genera l ly restricted to 
certa i n  porti ons of the study area . Fl uori de i s  predomi nant a l ong the Santa 
Cruz R i ver near Sahuari ta .  Excess i ve n i trate and sul fate 1 evel s occur i n  
ground water a l ong the Santa Cruz R i ver between Cortaro and Jaynes and between 
Sahuari ta and Conti nental . A l so , excess i ve l evel s of TCE have been detected 
i n  ground water near the Tucson I nternat i onal  Ai rport and i n  the Tucson area . 
Concentrat ions of n i trates near Marana i n  the < Avra Val l ey bas i n  i s  a 
cont i n u i ng probl em .  

The U . S .  Geol og i ca l  Survey has  prepared maps �overi ng  the 
project area show i ng chemi cal qual i ty of ground water for publ i c  supp l i e s  
( USGS 1974a ) .  More deta i l ed or l oca l i zed i nformati on on chemi ca l  q ual i ty of 
ground water can be obtai ned from the ADHS . 

Impacts on the g round water resou rces of the project area 
due to construction of the preferred route or the a l ternat i ve routes wi l l  be 
mi n imal . Water wi l l  be req u i red duri ng construction for soi l -moi sture control 
and dust control . Th i s  water wi l l  l i ke ly  be acqu i red from l ocal ground water 
sources and i ts use for construct i on may add to the overdraft . It  i s  
esti mated that max i mum water needs to construct Phase B o f  the Tucson Aqueduct 
wou l d  be l ess than 2 ,000 acre-feet . Th i s  compares to average annual ground 
water pump i ng of 900 ,000 acre-feet , 240 ,000 acre-feet , and 150 ,000 acre-feet 
i n  the Lower Santa Cruz , Upper Santa Cruz , and Avra Val l ey Basi ns , 
respect i ve ly  (AWC 1 975 ) .  The smal l i ncrement of add i t i onal  overdraft due to 
constructi on wou l d  resu l t i n  no measurabl e  amount of added ground water l evel 
decl i nes . 

Water appl i ed duri ng  construction  wou l d not norma l ly 
i nfi l trate to depth , so that ground water recharge and water qual i ty wou l d 
rema i n  unchanged due to th i s  appl i cati on .  

c .  Comparat ive Analys i s  o f  Al i nements 

The i mpacts of construction on ground water wi l l  be 
negl i g i b l e regard l ess of route . As prev i ous ly  descri bed , constructi on uses of 
water wi l l  be very sma l l i n  compari son to exi st i ng ground water u ses i n  the 
area , resu l t i ng i n  no s i gn i fi cant d i fferences between a l ternat ive routes . 

d .  I nd i rect Impacts 

I nd i rect i mpacts of s i gn i fi cance are the reduct i on of 
groundwater overdraft commensurate wi th  the use  of CAP water and the 
importat ion of sa l ts i n  Co l orado R i ver water wi th the potenti a l  for these 
sal ts to reach groundwater . 
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The u se of CAP water , rather than ground water , wi l l  cause 
the water l eve l to decl i ne l ess  rap i d ly  or stab i l i ze .  Th i s  wi l l  decrease the 
amount of subsi dence that wi l l  ta ke p l ace and decrease the occurrance of 
f i ssures . I n  areas where the water l evel i s  stab i l i zed , subs i dence wi l l  s l ow 
and gradua l ly stop . 

Potent ia l  u sers i n  the Phase B serv i ce area i nc l ude 
i rri gati on d i stri cts , towns and c i t i es , and mi n i ng operati ons . Water users 
that rece i ved CAP a l l ocat ions  are shown i n  F i gure 2 .  Each of these users has 
deci ded 1y d i fferent water u ses and vary i ng degrees of potent ia l  i mpact on 
groundwater .  In  each case , the primary consti tuent of i nterest i n  compari ng 
the qual i ty of Col orado R i ver Water wi th Tucson area groundwater i s  sal i n i ty .  
Water a t  the i ntake to Havasu pump i ng pl ant has a sal i n i ty o f  approximately  
750  mg/ 1  TDS . The  sal i n i ty of water del i vered to  the  above menti oned users 
wi l l  be s l i ghtly h i gher due to the concentrati ng  effects of evaporati on duri ng 
trans i t .  The sal i n i ty of groundwater underlyi ng  the Tucson B serv i ce area 
varies from l ess  than 500 mg/ l TDS to more than 3000 mg/ 1  TDS ( Ki ster ,  1 974) . 

Under i rr i gated agri cu l ture , a s i gn i fi cant port i on of 
app l i ed water i s  consumed by evapotranspi rat i on , l eavi ng a l l of the d i s sol ved 
consti tuents , i . e .  sal ts , beh i nd .  The rema i n i ng water a l ong  wi th i ts 
concentrated sal t bu rden has the potent ia l  to percol ate to groundwater .  The 
potent i a l  i mpact wi l l  depend on ( 1 )  vol ume of l eachate , ( 2 )  sal i n i ty of 
l eachate , ( 3 )  soi l i nteracti ons  ( g a i n  or l oss  of TDS ) , ( 4 )  degree of mi x i ng 
wi th groundwater , and ( 5 )  ex i st i ng qual i ty of groundwater .  These factors are 
genera l ly s i te speci fi c and there i s  no overa l l re l at i ons h i p that can be u sed 
to make area-wi de pred i ct i ons of impacts . 

CAP water i s  genera l ly  comparabl e  i n  qual i ty to exi st i ng 
groundwater underl y i ng i rri gated crop l and . 

A mixture of CAP and pumped groundwater wi l l  be used for 
i rri gat ion , mun i c i pa l , and i ndustri a l  purposes i n  the Tucson Phase B serv i ce 
area . The effect on groundwater qual i ty i s  eva l uated i n  Chapter I I I .  B . 4 .  

Wh i l e  sal t l oadi ng due to the appl i cat i on of CAP water may 
be a concern , i t  i s  a l ready a prob l em w i th cu rrent groundwater sources . As 
appl i ed groundwater i s  consumed by evapotransp i ration , a l l d i ssol ved sal ts are 
reta i ned i n  the rema i n i ng port i on ,  creati ng sal i ne l eachate or return fl ow .  
The same s i tuati on wou l d  occur wi th CAP water and current farm pract i ces such 
as overapp1 i cat ion to l each sa l ts from the root zone wou l d  conti nue wi th CAP 
water .  

The CAP water u sed by the mi nes i s  not expected to i mpact 
groundwater because of the comparati vely sma l l amount a l l ocated . Mun i C i pa l  
a nd  i ndustr i a l  u ses , primari ly  by the c i ty of  Tucson , are not expected to 
impact Tucson g roundwater qual i ty .  Al l M& I water wi l l  be treated to dri nk i ng  
water standards before u se . After use , wastewater wi l l  be col l ected by the 
c i ty sewer system and treated before d i scharge to area water courses . The 
qual i ty of that porti on of treated effl uent deri ved from CAP del i veries  wi l l  
be i nd i st i ngu i shab l e from current water sources . The qual i ty of the compos i te 
treated effl uent wi l l  be substant i a l ly  the same as  presently seen . 
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3 .  Col orado R i ver Water 

a .  Ava i l ab i l i ty 

CAP w i l l deri ve the major portion  of i ts water suppl  i es 
from Ari zona ' s  rema i n i ng ,  unused enti t l ements to the Col orado R i ver .  By 
decree of the Un i ted States Su preme Court i n  Ari zona v .  Cal i forn i a , 1 964 , 
Ari zona was uphe l d i n  i ts r ight  to 2 . 8  mi l l ion  acre-feet per year of the fi rst  
7 . 5  mi l l i on acre-feet of  Co l orado Ri ver water ava i l ab l e  for consumpt ive use by 
the States of the Lower Bas i n  ( Ca l i forn i a , Nevada , and Ari zona ) .  Add i t i onal  
project supp l i es may be devel oped from the Sa l t-Verde Ri ver system and/or the 
G i l a  Ri ver and Agua Fria  R i ver systems through the authori zed storage features 
of CAP . 

Recl amat i on has for many years ana l yzed future Col orado 
R i ver  runoff . The cu rrent procedu re con s i sts of 15 di fferent runoff 
scenari os , a l l based on the recorded h i story of Col orado R i ver runoff , 
beg i nn i ng around the tu rn of the centu ry .  Each scenari o ,  or runoff sequence , 
i s  d i fferent from the others i n  runoff patterns and l ong  term averages , thus 
prov i d i ng a b road spectrum of potent ia l  future cond i t ions , each y ie l d i ng a 
d i screte CAP water  supply that cou l d occur i n  the futu re . What emerges from 
the mU l ti sequence stud ies i s  not a s i ng l e  water supply estimate , but a 
comprehens i ve p i cture of the probab l e  ranges of future runoff and resu l tant 
supp l i es l i ke ly  to occur .  Each runoff scenario  is tested aga i nst the CAP 
phys i cal  system of aqueducts , pump i ng p l ants , and reservoi rs to determi ne the 
amounts of water del i verab l e  to the prospecti ve CAP water users based on water 
use a l l ocat i ons and pri ori t i es of use . The resu l ts are a number of poss i b l e  
annua l water del i very schedu l es wh i ch are dependent o n  the framework of 
assumpt i ons under wh i ch they were deri ved . 

Tab l e  22 summari zes the most recent ana lys i s  of CAP 
suppl i es from the Col orado R i ver based on the 15 runoff sequences . The "best 
sequence" is the future runoff pattern for the Co l orado Ri  ver that produces 
the g reatest average annua l supp ly to the CAP . Conversely , the "worst 
sequence" i s  the runoff pattern produc i ng the l east average supp ly .  

b .  Water Qual i ty 

Qual i ty of the Col orado R i ver  be l ow Parker Dam ( Lake 
Havasu )  i s  measured and reported by the U . S .  Geol og i ca l  Survey ( USGS ) 
annual ly .  These records i nd i cate that the water qual i ty i n  the Col orado Ri ver 
vari es from year to year .  In th i s  centu ry ,  the sal t content i n  the ri ver has  
i ncreased . Evaporati on , sa l t  seeps , and retu rn fl ow from i rr i gat ion and other 
water uses i ncrease the sal i n i ty l eve l of the ri ver as i t  fl ows toward Mex i co .  
Desp i te the i ncreas i n g  sal i n i ty ,  the overa l l chemi cal , phys i cal , and aesthet i c 
qual i ty of Col orado Ri ver water i s  su i tab l e  for dri n k i ng , i rri gation , mi n i ng , 
and most i ndustria l  uses . Federa l and State water qual i ty standards requ i re 
treatment of a l l su rface waters used for human consumption . Wi th standard 
treatment methods the Col orado Ri ver water meets a l l qual i ty standards . 

Wi thout some type of regu l at i ng act i on , the sal i n i ty of 
Col orado Ri ver water in Lake Havasu , from wh i ch the CAP wi l l  pump i ts wate r ,  
wou l d  cont i nue to i ncrease . Recogn i z i ng th i s  prob l em ,  the seven Col orado 
R i ver  bas i n  states jo i ned the EPA i n  establ i s h i ng sal i n i ty standards for the 
Col orado R i ver  and i n  securi ng passage of the Col orado R i ver Bas i n  Sal i n i ty 
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Tabl e  22 
Summary of the Central Ari zona Project 

Water Supp 1y Ava i l ab le  from the Col orado Ri ver 11 
(63 Year Period 1988 - 2050 ) 

. Tucson Aqueduct - Phase B 

Estimated Annual Probabi l i ty of Annual Di vers i on i n  % of Years 
CAP Di vers i on ff� 1988-2010 201 1 -2050 
Col orado Ri ver - Best Worst Avg .  of Best Worst Avg .  of 
(mi l l i on acre-feet) S�quenqL Sequence 15 S�quence _ _  S�quence Sequence 15 Sequence 

< 1 . 0  
1 . 0-1 .  7 
7 1 . 7  

o 
26 
74 

o 
100 

o 

63-Year Average Annual s  ( 1988-2050 ) 

Col orado Ri ver Suppl ies 

Project Del i veri es (After losses ) 3/ 
Wi th Ful l  Regulatory Storage -

Wi th No Plan 6 

o 
75 
25 

Best 
Sequence 
(maf/yr. ) 

1 . 64 

1 . 67 
1 . 51 

o 
63 
37 

1 . 28 

1 . 24 
1 . 19 

37 
63 

o 

Average of 
15 se�uence 

(ma lyr. ) 

1 . 50 

1 . 49 
1 . 37 

19 
63 
18 

11 Based on Col orado Ri ver Bas i n  operation study CRSM 12/84 . prepared joi ntly by the Upper and lower Col orad� 
Regions . Bureau of Recl amati on .  2/ Actual amounts di vertabl e  i n  any g iven year may va ry dependi ng on amount o f  CAP regul atory storage provi ded 
and on the surface-water condi tions i n  centra l Ari zona . 11 CAP water del i veries from the Grani te Reef . Sal t-Gi l a .  and Tucson Aqueducts and reservoi rs to potentia l  
water users ; after l osses from the aqueduct and/or reservoi r  systems . losses i ncl ude evaporation . 
evapotransp i ration .  and seepage. 



Control  Act of June 1974 . Th i s  act authori zed fou r  sa l i n i ty contro l  projects 
and provi ded for the conti nued i nvest i gati on of 12 other un i ts . These efforts 
are des i gned to reduce h i gh l y  sa l i ne i nfl ows i nto the ri ver system. 

I n  November 1975 , the Ari zona Water Qual i ty Control  
Counc i l adopted amendments to the Water Qual i ty Standards for Surface Water of 
Ari zona wh i ch estab l i s hed 1972 Col orado R i ver  sal i n i ty l eve l s  as the upper 
des i rabl e  l i m its .  The max i mum acceptabl e  ave rage annual sa l i n i ty l evel s under 
these standa rds are 723 mg/ l  for water bel ow Hoover Dam 747 mg/ l  be l ow Parker 
Dam , and fl ows at Imper ia l  Dam averag i ng 879 mg/ l . 

S i nce i t  i s  the i ntent of the Un i ted States and Ari zona , 
i n  cooperati on w i th the other bas i n  states , to control  the future sa l i n i ty of 
the Col orado R i ver  at 1972 l eve l s  or bel ow ,  d i vers i ons by CAP from Lake Havasu  
a re expected to conta i n  sa l i n i ty concentrations wh i ch average about 747  mg/ l . 
Recent unpub l i shed Bureau studi es i nd i cate that the futu re sal i n i ty l evel s can 
be expected to range from l es s  than 600 mg/ l  to more than 900 mg/ l . 

The average sal i n i ty of CAP water to be del i vered to the 
Phase B area i s  expected to ave rage approximatel y  760 mg/ l . Th i s  average i s  
dependent o n  the water d i verted a t  Lake Havasu  and to a l es ser extent the 
mi x i ng of Co l orado R i ve r  water wi th the Agua Fri a Ri ver i n  the New Wadde l l 
Reservoi r .  Th i s  mi x i ng i n  New Wadde l l Reservoi r  wi l l  produce a s l i ght ly  l ower 
sal  i n i ty of the water return i ng to the aqueduct .  However ,  the improvement 
wi l l  be sma l l because the majori ty of the water in the reservo i r  wi l l  be 
Col orado R i ver  water .  I t  shou l d  be noted that no  numeri ca l  standard or l imi t 
ex i sts for sa l i n i ty i n  dri nk i ng water , on e i ther  the Nati ona l  or State l evel . 
However ,  E PA national  In terim Primary and Secondary D ri nk i ng Water Regu l at i ons 
recommended that dri n k i ng water not exceed 500 mg/ l  i f  such source of water i s  
avai l ab l e .  Th i s l imi t was primari ly  determi ned on the bas i s  of taste .  Many 
commu n i t i es i n  the n i ted States and other countries  u se water conta i n i ng 2000 
to 4000 mg/ l . 

Bacteria l  l evel s of both the Co l orado Ri ver  and the Agua 
Fr ia  Ri ver water have been determi ned to be treatab l e  for domest i c u se by 
standard treatment techn i ques . 

Representat i ve samp l es of the Col orado Ri ver  water near 
the poi nt of CAP d i vers i on and the estab l i s hed dri n k i ng water standards ( State 
and Federa l ) are shown i n  Tabl e  23 . Correspondi ng water qual i ty for ground 
water supp l i es i n  the Phase B area are s hown i n  Tabl e  24 as a compari son . 

c .  Impacts From Water Use 

I n i t i a l  del i veries  of CAP water through Phase B are 
schedu l ed to begi n  i n  199 1 .  Before these del i veries  begi n ,  exc l u s i ve u se of 
ground water wi l l  conti nue , cau s i ng an i ncrease in the depth of ground water 
i n  most l ocat i ons  of the project area . Estimated annua l decl i nes average 
approxi mate ly  8 feet i n  the Lower Santa Cruz Bas i n , 5 feet i n  the Upper Santa 
Cruz Bas i n , and 4 feet i n  the Avra Va l l ey Bas i n  (AWC 1975 ) .  

Two major i mpacts of Co l orado Ri ver water bei ng  del i vered 
to the Phase B serv i ce area are expected . One i s  the reduction i n  u se of 
ground water wi th a coi nc i dent reducti on i n  the rate of decl i ne of the area ' s  
ground water tab l es .  Second i s  the change i n  water qua l i ty prev i ou s l y  
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Tuc son Aqueduct - Phase B - Central Ari zona Proj ect 

Typical Composi tion of Col orado Ri ver Bel ow Parker , Date Sampl ed 
Consti tuents 

Dri nk i ng 
Water 
Standards 6-3-73 11-4-74 5-5-75 1-15-76 3-10-77 6-12-78 8-9-79 4-10-80 

Arsen ic 
Barium 
B icarbonate 
Cadmi um 
Cal c i um 
Carbonate 
Chl oride 
Chromium 
Copper 
Fl uoride 
Hardness 
Iron 
lead 
Magnes ium 
Manganese 
Mercury 
Ni trate-Nitrite 
pH 
Potassium 
Sel en ium 
S11  ver 
Sod ium 
Sul fate 
Total Di ssol ved 

. 05 ¥ 21 
1 . 0 _I II 
--
.01  11 '!:..I 

250 . 31 
. 05 ¥ 21 

1 . 0  "'; "!I 
1 . 4  J -

--
. 3  31 
.05 II 21 

.05 31 
. 002 �I 21 

10 c.1 -
6 . 5

·
- 8�5 31 
--

.01 r
11 2/ 

.05 J "'ll 
250 . 31 

Sol ids  ( Sal in ity )  500 . 31 !I 31 Zinc 5 .  

168 

88 
o 

91 

. 5  
350 

.009 

31 

. 38 
7 . 9  
4 . 8  

1 10 
310 

730 

149 

82 

86 

. 3  
320 
.01  

29 

. 16 
7 . 8 
5 . 7  

100 
280 

666 

166 

87 
o 

90 

. 4  
350 
.02 

32 

. 24 
8 . 1 
5 . 3 

100 
300 

705 

.004 
. 1  

159 
o 

88 
o 

90 
.01  
.01  

. 4  
350 
.01  
.01 
31 

.02 
o 

. 1 1 
7 . 8  
5 . 0  

.003 
.01 
100 
290 

692 
.002 

.005 
. 1  

159 
.01  
84 

o 
91 

.01 
. 3  

330 
.01 
.01 
29 

.02 
o 

. 14 
8. 1 
5 . 1  

. 003 
.01 
110 
290 

687 
.001 

.004 

160 
.002 

81 
o 

92 
.005 
.005 

. 4  
330 
. 01 

.008 
31 

.01 
o 

. 12 
7 . 8  
5 . 5  

o 

100 
280 

673 
.002 

.003 
o 

150 
.001 

81 
o 

95 
o 

. 008 
. 3  

330 
. 15 

.003 
31 

.02 
. 0001 

8 . 0  
6 . 0  

.003 
o 

110 
300 

707 
.02 

.002 
. 2  

o 
85 

91 
o 

. 004 
. 4  

340 
. 16 

.001 
30 

. 02 
. 0  

8 . 1 
5 . 1  

.003 
o 

110 
300 

7 10 
. 31 

i� ADHS , Rul es and Regul ations  Ti tl e 9 ,  Chapter 21 , 1982 . Untreated Surface Water , Maximum Al l owabl e l imi ts . 
Code of Federal Regul ati on 40 CFR 141 and 143 , 1980 . ADHS , Rul es and Regul ation s Ti tl e 9 ,  Chapter 8 ,  1982 . 
Treated Surface Water , Maximum Al l owabl e limi ts .  � Secondary Maximum Contami nant level s ,  recommended l imits only .  _I Fl uoride Maximum Al l owabl e linli ts range from 1 . 4mg/l to 2 .4  mg . 1  dependi ng on annual average max imum a i r  
tenlperatures . Average maximum a ir  temperatures for Phoeni x  (85 . 1 °F)  and Tuc son (81 . 5°F)  have a l i mi t of 
1 . 4mg/l . 
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Const i tuent 

B ic arbonate 
Cadmium 
Cal c ium 
Chl oride 
Chromi um 
Copper 
Fl oride 
Hardness 
I ron 
lead 
Magnesium 
Manganese 
Ni trate - Ni trite 
pH 
Potass i um 
Sodi um 
Sul fate 
Total Di ssol ved 

Sol ids ( TOS ) 
Zinc 

Tabl e 24 

Chemical Composi tion of  Sel ected Ground-Water Wel l s  in  Pima County 
( mg/l ) 

Wel l : 1/ 2/ 

location : 
Use : 

Tuc son-Aqueduct - Phase B 

0-12-10 0-12- 1 1  0-13- 10 0-1 3-12 0-14- 1 11 
33C�C 2/ 18-0AB 2/ 09000 2/ 01ABA 2/ 330CC 2/ I rrl g .  - I rrig . - I rrig .  - I rrig .  - Irrig . -

163 175 166 288 161 
0 0 0 0 0 

32 37 34 108 30 
0 36 30 100 30 
0 0 0 . 001 0 0 . 003 
0 0 0 0 0 
0 . 5  0 . 4  0 . 6  0 . 6  0 . 5  

Hard Hard Hard V .  Hard Hard 
0 . 03 0 . 026 0 . 013 0 . 078 0 . 03 

0 0 0 0 0 
4 7 5 13  1 1  
0 0 0 0 0 
7 4 5 29 6 
7 . 8  7 . 9  7 . 9  7 . 6 7 . 9 
3 . 1 3 . 7  2 . 5  3 . 0  2 . 8  

50 65 43 92 55 
20 52 20 160 60 

200 260 200 720 200 
0 . 023 0 0 . 021 0 . 038 0 

!� Wel l numbers are based on the U . S .  Geol ogical Survey ' s  state quadrant system of l and subd iv i sion . 
- Data from Report 256 , liThe Qual i ty of Ari zona ' s  Domestic , Agricul tural , and I ndustrial  Waters " ,  

by Outt and McCready , Arg icul tural Experiment Station , Un i vers i ty of  Ari zona , February 1970 . 
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descri bed . Based on Secretary Watt ' s  Ma rch 24 , 1983 , CAP water a l l ocat ions 
and recent Recl amat i on water studies , i t  i s  estimated that approxi mately  8 . 095 
mi l l i on acre-feet of CAP water w i l l  be del i vered to water u sers i n  the Phase B 
serv i ce area over the 50-year repayment  peri od . Of th i s  total , 1 . 365 mi l l i on 
acre-feet are estimated to be del i vered to non- I nd i an agri cu l tura l  u se rs , and 
wou l d  resu l t  i n  equ i va l ent reducti ons  i n  g round water pump i ng .  

Water qual i ty d ifferences between Col orado Ri ver water and 
l oca l g round water are demonstrated i n  Tab l es 23  and 24 . Notabl e  d i fferences 
occur i n  sodi um and su l fate concentrati ons . However ,  the State of Ari zona 
requ i res the treatment of a l l surface water used for dri n k i ng  purposes and no 
treatment i s  requ i red for ground water .  Su rface water treatment cons i sts of 
fi l trati on to remove suspended part i c l es , and ch l ori nati on to remove 
mi croorgan i sms and bacteri a .  Recent f i nd i ngs  of EPA i nd i cates , however ,  that 
norma l ch l ori nati on of surface water for dri nk i ng may produce tri ha1 0methane 
( THM ) , a known cancer agent . Be i ng h i gh i n  organ i c  content as  a resu l t of 
extens i ve upstream i rri gat i on u se , Col orado R i ver  water d i verted by the CAP 
may be suscepti b l e to THM producti on duri ng  ch l ori nat i on . Th i s  factor shou l d  
be cons i dered i n  the des i gn of water treatment p l ants ut i l i z i ng CAP waters , 
a l though not current ly  a state or Federal requ i rement  i n  the treatment of 
surface waters for dri n k i ng  pu rposes . 

S u l fate i n  comb i nation wi th magnes i um ,  as magnes i um 
su l fate , may have a purgat ive effect on sens i t i ve i nd i v i dua l s and su l fate i n  
comb i nat i on wi th cal c i um ,  a s  ca l ci um su l fate , may be moderately  tox i c  i n  
i rr i gat i on . Average i nd i v i dua l s are affected by magnes i um su l fate 
concentrati on of about 1 , 000 mg/ 1 , wh i l e the EPA recommended s u l fate l imi t of 
250 mg/ 1  i s  primari ly  to p rotect trans i ents from l axat i ve effects ( Un i vers i ty 
of Ari zona 1970 ) ( EPA 1976 ) . Compari son of s u l fate from the data tab l es show 
CAP water to be h i gher i n  su l fate than the exi st i n g  water supp l y ;  however ,  the 
cont i nual  exposure to the CAP s u l fate l evel wou l d  not pose a probl em .  
Tox i ci ty i n  i rri gat i on water due to h i gh su l fates , res u l t i n g  from pos s i b l e  
prec i p i tat ion o f  cal c i um i n  p l ants , i s  not a typ i ca l  probl em for those 
i rrigati ng wi th Col orado R i ver  water ( Un i vers i ty of Ari zona 1970 ) .  

. 

The potent ia l  harmfu l l evel of sod i um i n  domest ic  waters 
i s  about 200 mg/ 1  for persons wi th card i ac ,  rena l , and c i rcul atory d i seases . 
Persons on sa l t-restricted d i ets can ba l ance h i gh-sod i um i ntake i n  dri n k i ng 
water wi th the amount i ngested from food and other sod i um sources . The 
concentrati on of sodi um i n  Col orado Ri ver water i s  about 100 mg/ 1 and shou l d  
present no part i cu l a r  probl em to sa l t-restri cted persons . 

Losses from the aqueduct to evaporati  on and seepage wi  1 1  
be rel at i ve ly  constant .  Tab l e  25 s ummari zes the l osses expected to occur for 
the a l ternat i ve rou tes . Water l osses shou l d  be mi n i ma l  i n  a l l p i pe secti ons . 
Open canal  sections , however ,  wou l d  l ose water i n  two ways , by seepage through 
the canal  s i des and bottom , and by evaporat ion from the exposed water surface . 
Both of these potent ia l  l osses are reduced by concrete 1 i n i ng .  Concrete 
l i n i ng i n h i b i ts seepage and a l so prov i des a more effi c i ent aqueduct section , 
expos i ng l ess surface area to evaporati on than an u n 1  i ned secti on of equa l  
carryi ng  capac i ty .  

Evaporati on l osses are i rrecoverabl e s i nce the l oss i s  i n  
the form of water vapor to the atmosphere . Seepage l osses may be recoverab l e  
i n  part , s i nce seepage i s  to the soi l  and/or rock  structu res underl y i ng the 
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0'1 
U'1 

West Side 
Pl an 

Aqueduct Evaporation 820 

Aqueduct Seepage 3820 

Total losses 4640 

Potential  G��und Water 
Recharge - 1910 

Net I rretri evabl e  losses 
Short Tenn 4640 

Net Irretrievabl e losses 
long Tenn 2730 

Table  25 

Estimated Evaporation and Seepage losses 1/ 
( units :  Acre-feet/year)  -

Tucson Aqueduct - Phase B 

Sandari o 
Plan 

460 

2160 

2620 

1080 

2620 

1540 

Sandario - San 
Joaqui n  Plan 

150 

720 

870 

360 

870 

510 

Sanders-San 
Joaqu i n  Modi fi cation 

P lan 

550 

2600 

3150 

1300 

3150 

1850 

No 
East Side Federa l 

P lan Action 

210 210 

950 950 

1160 1160 

475 475 

1160 1160 

685 685 

1/ Based on an evaporation rate of 6 . 65 feet per acre per ye�r and a seepage rate of .075 feet per square foot 
of wetted perimeter per day . � Assumed to be approximately 50 percent of aqueduct seepage . 
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aqueduct , and may i n  t ime mi grate downward to the water tab l e and be ava i l ab l e  
to pumps for future use . 

G i ven  that the open cana l  segments of the aqueduct wi l l  
have normal water surface at bel ow natura l  ground l evel s ,  that l ocal  soi l s  are 
genera l ly  permeab l e and wel l -dra i ned , and that the water tabl e  i s  l ocated at 
cons i derab l e depth and decl i n i ng ,  i t  appears most  l i kely that seepage l osses 
wi l l  m igrate downward rather than l ateral ly .  Th i s  l essens the probab i l i ty of 
seepage waters promoti ng vegetat ive growth a l ong the aqueduct corr idor .  

Del i verabl e  project water suppl i es wou l d  be l arger by the 
amounts shown i n  Tabl e  25 shou l d  the aqueduct be constructed total ly  i n  p i pe .  
Trade-offs i nc l ude substanti a l ly  h i gher constructi on costs for p i pe and 
i ncreased u se of pump i ng energy , or h i gher operati ng costs . 

4 .  Short Term and Long Term Impacts 

The Tucson Aqueduct wou l d  be capab l e of prov i d i ng porti ons  of 
southern P i na l  County and eastern P ima County of Ar i zona wi th substanti al 
amounts of Col orado R i ver water over the l i fe of the project . 

The water currently u sed i n  the servi ce area of Phase B of the 
Tucson Aqueduct i s  bei ng  pumped from ground water bas i ns underl y i ng the area , 
resu l ti ng i n  a severe overdraft i ng s i tuation . Th i s  overdraft i s  currently 
caus i ng earth fi ssuri ng and l and subs i dence i n  some areas and threaten i ng 
s imi l ar effects i n  others . Construct i on of Phase B wou l d have the effect of 
l essen i ng th i s  overdraft s i tuat i on and s l owi ng  the rate of l and subsi dence and 
earth fi ssuri ng  over the l i fe of the project . 

Importat ion of Co l orado Ri ver  water wou l d resu l t  i n  general ly 
poorer qual i ty of water than i s  now bei ng u sed from the l ocal  ground water 
sources ( Tab l es 23 and 24 ) .  However ,  the ground water resou rces are bei ng 
severely  overtaxed . The effect of CAP del i ver ies on the ground water qual i ty 
i n  the Phase B area ( Tucson and Avra Val l ey Bas i ns )  i s  d i ffi cu l t to eva l uate 
due to i nsuffi c i ent ground water qual i ty data on h i storic  trends ,  depth 
strat i f i cat ion or ground water movement .  However ,  two ana lyses were performed 
us i ng a s impl i st i c  mass  and sa l t  bal ance approach to est imate the effect of 
CAP del i veri es on exi sti ng  ground water qual i ty .  These ana lyses used the 
worst case approach by i gnori ng soi l i nteracti ons and trave l t imes that wou l d  
have an effect on the TDS of the water rema i n i ng i n  the bas i ns after 50 years . 
Therefore , the ca l cu l ati ons  are cons i dered to be h i gher than actual l y  
expected . 

The fi rst analys i s i s  for the Avra Val l ey Basi n .  Al l CAP 
del i veries  to th i s  bas i n  are for agri cu l ture . The as sumpt i ons , cal cu l at ions , 
and resu l ts are presented i n  Tab l e  26 . The ca l cu l ated water rema i n i ng i n  the 
bas i n  after 50 years w ith and wi thout CAP vari es  from 6 . 3 mi l l i on acre feet 
( MAF) to 4 . 9  MAF respect i ve l y ,  for a d i fference of 1 . 4  MAF .  The qual i ty ( TDS )  
of  that rema i n i ng ground water i ncreases by 28 mg/1 wi th 50  years of  CAP .  The 
i ncrease of ground water rema i n i ng i n  the bas i n  due to CAP offsets the smal l 
i ncrease i n  TDS ; therefore , the effect of CAP del i veries  on the ground water 
of the Avra Val l ey Bas i n  i s  i ns i gn i fi cant . 

The second ana lys i s  i s  for the Tucson Bas i n .  Th i s  analys i s  
addresses the impacts on ground water qual i ty from M&I del i veries of CAP 
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Tabl e 26 
Hypothetical Total Di s sol ved Sol ids Changes to Exi sting Ground Water 

Avra Val l ey Bas in  
Tucson Aqueduct - Phase B 

Assumptions : 

* 1 . 43 MAF CAP del i very to water users wi thin the Basin , 50 year total , sequence 10 . � 
* 1 . 43 MAF sub�titute for ground water pumping in Bas i n ,  50 year total , sequence 10 . -
* 760 mg/l average TOS of CAP water del i vered . 2 * 325 mg/l average TOS of Avra Val l ey Basin4yel l s .  -' 
* 32 percent recharge of appl i ed Ag water . -
* 7 . 5  MAF ground water wi thdrawal s from Basin  ( 50 year4}otal @ 150 TAF/yr . � 
* . 2  MAF natural recharge ( 50 year total @ 4 TAF/yr ) - Assume 250 mg/l TOS .  
* 9 . 8 MAF of ground water in  storage above 700 feet depth 
* As sume for agricul ture al l sal ts remai l n  in the Basin . 41 

General Equations : 

1 .  Basin Storage - Withdrawal s + Return Fl ows + Natural Recharge = Bas in Water Remaining 

2 .  Bas in  Return Fl ows Natural Recharge Total 
( Vol . x TOS ) + ( Vol . x TOS ) + ( Vol . x TOS ) I Vol . = TOS of Bas in  Water Remain ing 

Cal cul ations : un i ts - wijter quanti ties  in mil l ion acre-feet (MAF ) , water qual i ty TOS in mg/l 

Wi thout 50 years of CAP 

1 .  9 . 8 - 7 . 5  + ( 7 . 5  x 321 ) + . 2  = 4 . 9  MAF 

2 .  ( 2 . 3  x 325 ) + ( 2 . 4 x 325 x 1 . 25 )  + ( . 2 x 250 ) I 4 . 9  = 362 mg/l 

� ith 50 years of CAP 

1 .  9 . 8  - ( 7 . 5  - 1 . 43)  + « 7 . 5 - 1 . 43 )  x 321 ) + ( 1 . 43 x 321 ) + . 2  = 6 . 33 MAF 

2 .  ( 3 . 73 x 325 ) + ( 1 . 94 x 325 x 1 . 25 ) + ( . 46 x 760 x 1 . 25 ) + ( . 2 x 250 ) I 6 . 33 = 390 mg/l 

l' FE IS Water Al l ocations and Water Service Contrac ting , Central Arizona Proj ect , USBR,  1982 . _I Average of wel l data from "The Qual i ty of Ari zona ' s  Domestic , Agricul tural , and Industri al Waters "  Report 
256 , Un ivers ity of Ari zona , 1970 . 11 From Avra Val l ey Bas in  Tabl e 1 2 ,  AWC 1975 - Arizona State Water Pl an , Summary Inventory of Resource and 
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water .  The ass umpt i ons , ca l cu l at i ons , and resu l ts are presented i n  Tab l e 27 . 
The cal cu l at i ons show that an add i ti ona l  3 . 7  MAF of g round water rema i ns i n  
the Tucson area after 50 years of CAP . The TDS of the water rema i n i ng w i th 50 
years of CAP i s  ca l cu l ated to be 5 1  mg/ l  h i gher  than w i thout the CAP 
del i veri es . Th i s i ncrease i n  TDS of the g round water rema i n i ng i s  con s i de red 
i ns i gn i fi cant i n  l i ght of the add i t i ona l  quanti ty .  

Sal t l oadi ng , a s  a resu l t  o f  suspended or d i ssol ved chemi ca l s  
rema i n i ng i n  agr icu l tural  soi l s ,  i s  a l ready a prob l em i n  the area . Cu rrent 
farm management ,  i ncludi ng overapp l i cati on of water to l each sa l ts from the 
root zone , shou l d  conti�ue with  CAP water .  

Construct i ng CAP to d i ve rt Co l orado Ri ver water to central 
Ari zona i s  a corruni tment of water resources for the l ong term . Evaporat ion 
l osses from Phase B of the Tucson Aqueduct ( from 200 to 800 acre-feet per 
year )  wou l d  be an i rretri evab l e reducti on i n  the water supply i n  the state . 
Seepage l osses from the aqueduct i n  Phase B ( from 900 to 3 , 700 acre-feet 
annual l y )  wou l d  be l ost for the short term , but , some of th i s  seepage wou l d  
reach the underlyi ng  water tabl es and be recoverabl e  over the l ong  term .  The 
amount recoverabl e  i s  u nknown but shou l d  exceed 50 percent of the l oss . Tab l e  
2 5  shows the impact of l osses on the water resou rces from Phase B .  

C . A i r Qu a l i ty 

1 .  Descri pt i on of Ex i sti ng Ai r Qual i ty i n  Project Area 

The a i r qual i ty i n  the project area i s ,  i n  genera l , good . The 
a i r  i n  sparsely i nhab i ted regi ons  l i ves up to i ts pri st i ne reputati on , whi l e  
a i rsheds w i th c i t i es frequently  experi ence a i r  pol l ut i on l evel s exceed i ng 
Federa l  hea l th standards . The Tucson Metropo l i tan Area i s  no except i on .  

The Ari zona Department of Heal th Serv i ces (ADHS ) and the P ima 
County A i r Qua l i ty Control D i stri ct publ i sh comprehens i ve a i r qual i ty reports 
for the area . Concentrat ions  of major pol l utants vary from pl ace to pl ace i n  
the Tucson Metropo l i tan Area . Ozone , the ch i ef component of photochemi ca 1 
smog i s  normal l y  h i ghest northwest of downtown Tucson . Carbon monoxi de l eve l s 
are h i ghest i n  the i rrunedi ate v i c i n i ty of major  i ntersecti ons  and congested 
streets . Part i cu l ates are h i ghest near unpaved roads and heav i l y  travel l ed 
paved roads . Because of prevai l i ng southeasterly wi nds , the north central to 
north west reg i on of the a i rshed has h i gher part i cu l ate l evel s than the south 
and south eastern reg ions . In genera l , part i cu l ates decrease wi th i ncrea s i ng 
e l evat i on . N i trogen d ioxi de and su l fu r  d i ox i de rema i n  wel l bel ow the primary 
and secondary standards throughout the area . Tab l e 28 l i sts the Nat i onal 
Amb i ent  A i r Qual i ty Standards for tota l suspended part i cu l ates ( TSP ) , carbon 
monoxi de ( CO ) , n i trogen d i ox i de ( NO� ) ,  su l fu r  d i ox i de ( SO?) , and non-methane 
hydrocarbons ( NMHC ) and present aata for the l atest 0 years for each 
consti tuent i n  the Tucson area . Al so 1 i sted are the number of standards 
v io l ati ons wh i ch occurred i n  th i s  period . 

2 .  Constructi on Impact Analys i s  

a .  Aqueduct Faci l i t i es 

An exhausti ve a i r qual i ty i mpact analys i s  was performed 
for the Tucson Aqueduct Phase A Envi ronmental Impact Statement ( USDI , 1982 , 
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Tabl e 27 
Hypothetical Total D i s sol ved Sol i ds Changes to Exi sting Ground Water 

Tuc son Basin 
Tucson Aqueduct - Phase B 

Assumption s :  

* 47 MAF Ground water i n  storage above 1 , 200 feet bel ow surface II I * 20 . 2  MAF Wi thdrawal s from bas i n  wi thout CAP , 1j,0 with CAP ( 50 yr total s )  1 
* 5 . 0  MAF CAP del i veries to basi n ,  50 yr . total -
* 2 . 4  MAF Natural Recharge ( 50 yr total @ 48 , 100 acre-feet/yrtl!l 
* 4 . 7  MAF Surface i n fl ow ( 50 yr total @ y, , 400 acre-feet/yr ) -
* 32 Percent recharge o f  wi thdrawn water -
* . 5  MAF Ground water outfl ow ( 50 yr total @ 10,000 acre-feet/yr ) !I

ll * . 86 MAF Surface water outfl ow ( 50 yr total @ 17 , 100 are-feet/yr ) -
* 760 mg/l TDS of CAP water imported 
* 323 mg/l TDS we i ghted average of Tuc son interior wel ' 5ji el d  � 
* 413 mg/l TDS average of Santa Cruz River near Levean -

General Eguation s :  

Water 

1 .  Bas i n  storage - wi thdrawal + returns + recharge + infl ow - outfl ow = water rema i n i ng 
in basin  

TDS 

2 .  ( Basin Vol . x TDS ) + ( infl ows x TDS ) - ( outfl ows x TDS ) I Vol . rema i n i n g  i n  basin  = 
TDS of rema i n i ng bas i n  

Calcul ation s :  un its - water quantities in  mi l l ion acre-feet (MAF )  
un its - water qual i ty TDS i n  mg/l 

Wi thout 50 years of CAP 

1 .  47 . 0  - 20 . 2  + 6 . 5  + 2 . 4  + 4 . 7  - . 5  - . 86 · 39 . 0  MAF 

2 .  ( 47 x 323 )  + ( 4 . 7  x 413 ) - ( 1 . 36 x 4 1 3 )  I 39 . 0 · 425 mg/l 

W i th 50 year of CAP 

1 .  47 . 0  - 1 7 . 0  + 5 . 4  + 2 . 4  + 4 . 7  + 1 . 6  - . 5  - . 86 · 42 . 7  MAF 

, .  ( 47 x 323 ) + ( 4 . 7  x 413 )  + ( 5 .0 x 760 ) - ( 1 . 36 x 413 ) I 42 . 7  = 476 mg/l 

!I "Components of the Water Budget on the Tuc son Area" , Ar i zona , 1970-1972 , U . S .  
Geol ogical Survey , comp i l ed by S . G .  Brown 1976 . 

Y Proj ections of wel l  pumpage uti l  i zed "Ten Year Water Capi tal Improvement Program 
1984- 1 994" , Tuc son Water , 1983 growth prediction s .  

� FEIS Water Al l ocations and Water Service Contracting , Central Ar i zona Project , USSR , 
1982 . 

� Based on sampl es of Tuc son wel l s  from 1950- 1981 . Recei ved from Tuc son Water by 
l etter dated January 4 ,  1984 . 

§! Numerical average for TDS at the Santa Cruz Ri ver near Levean , U . S .  Geol ogical 
Survey 

1975-19ts1 . 
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Tabl e 28 

Ai r Qual i ty Trends , Standards , and Viol ati ons for Vari ous Consti tuents 
Tucson Metropol i tan Area 

State and Federal Standards Primary 
Secondary 

Tucson Aqueduct - Phase B 

TOTAL SUSPENDED PARTICULATES 

Annual Geomeiric Mean 
15ug7� 
60ug/1I 

TSP Annual Geoaetri c  Mean _ .g/.3 
Year 

Viol ati ons i n  5 year period 
of Annual Geometri c Mean 

Station 83 

Downtown 52 
Pri nce Road 77 
Border Patrol 48 
Hughes Nogales 34 
Orange Grove 78 

State and Federal Standards 
Pr111ary and Secondary 

82 81 

65 67 
93 101 
52 58 
44 54 
86 108 

Downtown 

Maximum 
r-nr- 8-nr 

Year Avg . Avg. 

1979 1 1 . 5  7 .0 
1980 16 . 0  7 . 4 
1981 17 .8 10 .7  
1982 1 7 . 8  1 0 . 4  
1983 21 . 2  1 1 .0 

80 79 Pri.ary Secondar,l 

61 70 0 4 
1 17 129 5 5 
61 69 0 2 
54 54 0 0 

lOS 109 5 5 

CARBON MONOXIDE 

Maximu. I-hi Average 
401lg/m 

22nd/Cra,lcroft 

No . Maximum No . 
>8-hr I-hr 8-hr >8-hr 

Std . Avg Avg Std . 

0 12 .6  6 . 7  0 
0 18 . 9  7 .0 0 
1 12 .8  6 . 5  0 
0 13 . 7  6 . 9  0 
1 18 . 9  7 . 0  0 

24-hour AVlrage 260U9/� 
150ug/. 

Number of Exceedances of 24-hour 
Standards 

PrilHr,l 82 83 Secondar,l 
82 83 

0 0 1 0 
0 O .  1 2 
0 0 0 0 
0 0 0 0 
0 0 3 2 

Maximum 8-hraAverage 
lomg/m 

22nd/Al vernon 

Maximum No . 
I-hr 8-hr >8-hr 
Avg Avg Std . 

28. 8  1 2 . 6  6 
28 .4  14.0  5 
24 . 1  13 . 2  3 
30 . 9  1 2 . 6  5 
25 . 0  1 3 . 2  10 
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Tabl e 28 Conti nued 

Ai r Qual i ty Trends , Standards , and Viol ations for Vari ous Consti tuents 
Tucson Metropol i tan Area 

Tucson Aqueduct - Phase B 

NITROGEN DIOXIDE 

State and Federal Standard Annual Avesage 
PrfMary and Secondary 100 ug!m 

DOWNTOWN 22ND/CRAYCROFT 

Annual Max . Max . Annual Max . 
Year Average 1-Hr 24-Hr Average 1-Hr 

1979 47* 263 91 29 132 
1980 68* 413 240 43 319 
1981 70 395 143 55 451 
1982 68 508 208 39 263 
1983 60 451 209 36 226 

SULFUR DIOXIDE 

State and Federal Standards 
Prfmary 

Annual Averjge 80 ug/II 
24-hr Averjge 365 ug/m 

Secondary 

Annual 
Year Average 

Downtown 

Max . 3-hr 
Average 

Max . 24-hr 
Average 

Annual 
Average 

1979 4 1 14 31 5 
1980 2 105 25 2 
1981 3* 131 34 8 
1982 6* 
1983 3 

22nd/Craycroft !/ 
__ 

Max . 3-hr 
Average 

210 
79 

333 
157 
341 

Max . 24-hr 
Average 

48 
33 
64 
49 

210 

Viol ati on of Standard 

Max . 
24-Hr 

71  
110 
1 12 
109 
80 

3- hr Average 

13oo-�g/m3 

i n  5 year peri od 0 

Viol ati ons of al l 
Standards i n  5 year 

Peri od 
o 
o 

Tanque Verde Loop 1I 
Annual 
Average 

1 
4* 
5 
4* 
5 

Max . 3-hr 
Averase 

97 
157 
349 
191 

79 

Max . 24-hr 
Average 

29 
55 
70 
40 
79 

1I Al l moni tors except Downtown are spec i fi c  for S02 . 
di sconti nuati on of moni tori ng i n  1981 . 

The Downtown moni tor measured al l sul fur compounds before 
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Table 28 Conti nued 

Ai r Qual i ty Trends .  Standards . and Viol ations for Vari ous Consti tuents 
Tucson Metropol i tan Area 

Tucson Aqueduct - Phase B 

NON-METHANE HYDROCARBONS 

e 

State and Federal Standard 
Prf.ary and Second�ry 

1/ 3-HR AVERAGE 16 - 9 a ••• ) -
160 ug'_ 

Year 

1979 
1980 
1981 
1982 
1983** 

Downtown 
Annual Max . 2na:H� Exceedances 
Average 3-Hr 3-Hr of Standard 

139* 
74 

138* 
142* 

545 
406 
685 
532 

525 
346 
599 
479 

104 
36 
31 
32 

* Annual average based on l 1.1 ted nUiber of sa.pl es . ii Non-.ethane hydrocarbon moni tori ng di sconti nued i n  February 1983 . 
- Federal Standard repeal ed February 1983. 



I NT-FES- 82-26 ) .  The resu l ts from th i s  i ntens i ve Phase A ai r qual i ty s urvey 
were u sed to determi ne the appropri ate l evel of i nvest i gati on for Phase B .  

A l though there are d i fferences between the two phases of 
the Tucson Aqueduct , a rat i ona l i zati on of the d ifferences l ed to the 
concl u s ion  that the a i r qual i ty study for Phase A was appl i cabl e to Phase B .  
I n  genera l , methods of constructi on and the characteri sti cs of the 
constructi on zone for Phase B are s imi 1 ar to those assumed for the Phase A 
study .  Two major characteri sti cs of the Phase B p l an wh i ch wou l d  tend to 
i ncrease a i r pol l utant emi s s i ons are the i ncreased number of pump i ng pl ants 
and the i ncrease i n  overal l aqueduct mi l eage for the Phase B West S i de Pl an 
over the shorter Phase A route . However ,  capac i ti es for a l l the Phase B 
structures have been s i gn i f i cantly decreased . The pump i ng pl ants on Phase A 
ranged i n  s i ze from 1200 to 750 cfs wh i l e  the pump i ng p l ants on Phase B range 
from 600 to as l ow as 200 cfs . Aqueduct capac i t i es show s i mi l ar decreases i n  
s i z i ng for Phase B .  Because these s i z i ng l imi tat ions wou l d  decrease the scope 
of the construct i on effort needed to impl ement Phase B ,  the assumpt i on was 
that th i s  decrease wou l d  offset the i ncrease i n  number of pump i ng p l ants and 
the i ncrease in m i l eage for certa i n  a l ternati ves . Therefore , the a i r qual i ty 
impacts obta i ned from the Phase A study are good estimates as  to the potent i a l  
a i r qual i ty impacts assoc iated wi th Phase B construction . 

Tab 1 e 24 i n  the Tucson Aqueduct Phase A Envi  ronmenta 1 
Impact Statement ( USD I , 1982 , I NT -FES 82-26 ) presents the estimated 
concentrat i on i ncreases resu l ti ng from constructi on emi s s i ons  on Phase A for 
various a i r pol l utants . Th i s  tab l e  was ana lyzed to determi ne wh i ch 
consti tuents wou l d  pose s i gn i fi cant impacts i n  terms of add i t iona l  s tandards 
v i o l at ions for the Phase B study area . Tab l e  29  is a s urmnary of the worst 
case i mpact from the three stud i ed Phase A routes as  compared to various a i r 
qua l i ty standards . 

By u s i ng Tab l e  29 i n  conjunct ion w i th Tab l e  28 the a i r  
pol l utants o f  concern were i dent i fi ed for Phase B i nves t i gat ion . Lead was 
e l imi nated as a consti tuent of concern , as was done i n  the Phase A study , 
because the rel ati vely sma l l usage of l eaded gasol i ne by the constructi on 
fl eet wou l d cause a negl i g i b l e  impact . Ozone was el imi nated from the Phase B 
study because of the extremely comp l ex photochemi cal  process wh i ch i s  i nvol ved 
i n  produc i ng th i s  consti tuent .  I n stead , exami nation of project impacts on 
hydrocarbons and n i trogen ox i des ( as  n i trogen d i ox i de ) , the two major 
components requ i red to produce ozone , was deemed s uffi c i ent .  

Impacts of  f ive rema i n i ng consti tuents , TSP ,  CO , NO , S O  , 
and NMHC , were quanti fied i n  terms of i mpacts on the various Federal an� State 
Primary Standards and are shown i n  Tab l e  29 . As can be seen , the i ncremental 
i ncrease caused by the Phase B construction proj ect for sul fur d i oxi de and 
n i trogen d i ox i de are negl i g i b l e  compared to the primary standard . A l so ,  the 
primary and secondary standards for these two pol l utants have never been 
exceeded i n  the Tucson Metropo 1 i tan Area , and they are not percei ved as  a 
potent ia l  probl em w i th i n  the t ime frame of th i s  constructi on project . 

Carbon monoxi de and hydrocarbons l evel s ,  a l though be i ng  a 
more seri ous  prob l em i n  the Tucson Metropol i tan Area , are shown to be 
i ns i gn i f icantly i mpacted by the constructi on act i v i t ies for Phase B of the 
Tucson Aqueduct . The i ncremental i ncrease shown for carbon monoxi de cou l d  not 
be detected by typ i ca l  a i r qual i ty mon i tori ng  equ i pment .  S i mi l arly ,  the 
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l.Itant 

Tabl e 29 

Worst Case Increase for Pol l utant Concentrati ons Resul ti ng 

from Constructi on Emi ssions on the Tucson Aqueduct Phase A 

Central Ari zona Project 

Primary 
Averagi ng Stan�ard 

Time ug/m 

spended Parti cul ates ( TSP ) Annual 75 
24-hour 260 

ioxi ode ( S02 ) Annual 80 
24-hour 365 

onoxi de ( CO)  8-hour 10 , 000 
1-hour 40 ,000 

bons ( NMHC) 3-hour 160 y 
Di oxi de ( N02) Annual 100 

1-hour 235 

3-month 1 . 5  

Worst Case 
Phase � i1pact 

us/m -

10 .4  
17 . 2  

0 . 17 
0 . 29 

7 .6 
30 .5  

2 . 3  

2 . 7  

- Y  
- Y  

odol ogy for obtai ni ng these fi gures i s  presented i n  the Tucson Aqueduct Phase A 
ental Impact Statement ( USDI , 1982 , INT-FES 82-26 ) .  

ral and State standard repeal ed i n  February 1983 . 

Ie i s  generated photochemi cal ly  and estimates are not avai l abl e .  

rel ati vel y smal l usage of l eaded gas by the constructi on fleet woul d i ndi cate negl i gi bl e 
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i mpact of hydrocarbon emi s s i ons  are smal l compared to the pre-1983 standard 
and actual quanti fi cati on of any i mpacts on ozone producti on by smal l 
i ncrementa 1 i ncreases i n  concentrati on i s  comp 1 i cated by the photochemi ca 1 
processes i nvo 1 ved . The overa 1 1  i mpact on hydrocarbon 1 eve 1 s was deemed 
i ns i g n i fi cant .  

The rema i n i ng consti tuent , total suspended part i cu l ates , 
was the primary parameter of concern i n  the Phase A study and rema i ns so for 
Phase B .  The Phase A study ca l cu l ated a poss i b l e  i ncrease 3 i n  the average 
concentrati on of TSP for a 24-hour period of 12 . 3  to 17 . 2  m§/m and a poss i b l e 
i ncrease i n  annual  average TSP read i ngs of 7 . 4  to 10 . 4  mg/m , dependi ng on the 
route chosen . These f igures , for reasons prev ious ly  stated , have been assumed 
to be app l i cabl e to assess the i mpacts of Phase B construction on TSP 
concentrat ions . 

Because of the defi ned part i cu l ate probl em wh i ch wi l l  be 
attributab l e to the Phase B constructi on process , dust control  wi l l  be a 
primary concern duri ng  construction . Construction spec i f i cati ons w i l l  requ i re 
contractors to carry out proper and effi ci ent measu res to comply wi th l ocal  
a i r  pol l u ti on regu l at i ons and to reduce dust nu i sances . Furthermore , a l l 
contractors wi l l  be req u i red by the regu l ati ons of the P ima County A i r Qual i ty 
Control  D i stri ct to carry out proper and effi c i ent measures to reduce dust 
nu i sances . The contractors wi l l  be respons i b l e for preventi ng any nu i sance to 
persons or damage to crops , orchards , cu l t i vated f i el ds , or dwel l i ngs , 
resu l ti ng from dust generated by thi s operati o n .  Such efforts may i nc l ude , 
but  are not l imi ted to , prewett i ng of any excavation  area , conti nued wetti ng 
of the areas after construction beg i n s , requ i ri ng the u se of hood i ng or other 
dust-co l l ect i on equ i pment for concrete batc h i ng and aggregate crush i ng 
fac i l i ti es ,  and wetti ng and app l i cat ion of dust pal l i at i ves to a l l 
construct i on access roads and other heav i ly  travel ed areas . Vari ous forms of 
dust suppressant measures were assumed i n  the Phase A study to obta i n  the 
pred i cted max imum i ncreases i n  part i c u l ate l evel s .  

Power Transmi s s i on Faci l i t ies  

Western Area Power Admi n i  strati  on  I S  construct i on 
acti v i t i es wou l d  not i nvol ve exten s i ve earth mov i ng or vegetat ion c l eari ng . 
Major i ncreases i n  fugi t i ve dust are not expected . Transm i s s i on l i ne 
construct ion  wou l d  not i nvol ve the use  of l arge numbers of heavy ,  
d i esel -powered mach i nery so nox i ous  emi s s i ons wou l d  be rel at i vely 
i ns i gn i fi cant . I f  fug i t i ve dust becomes a prob l em ,  part i cu l arly on wi ndy days 
near major transportat ion  corri dors and in res i dent i a l  areas , treatment of 
access roads wou l d  reduce the potent ia l  impacts to i ns i gn i fi cant l evel s .  

3 .  Comparati ve Analys i s  for Al i nements 

The impacts of Phase B construct i on emi s s i ons on background 
l evel s of l ead , su l fur d i ox i de ,  n i trogen d i ox i de ,  carbon monox i de ,  and 
hydrocarbon are s i mi l ar for a l l a l i nements and are essenti a l ly  i ns i gn i fi cant . 

The impacts of the pred i cted max imum i ncrease i n  TSP l evel s due 
to Phase B construct ion  i n  terms of add i t i onal a i r  qual i ty standards 
v i o l ati ons vary great ly wi th a l i nement of each route . For purposes of 
di scuss ion , a l l a l ternat i ve routes wi l l  be grouped i nto two genera l  
categori es . The fi rst group cons i sts of  a l l west s i de pl ans wh i ch fol l ow 
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a l i nements on the west s i de of Saguaro Nat i onal Monument and Tucson Mounta i n  
Park i nc l ud i ng the agency preferred West S i de P l an , the Sandar io  P l an , the 
Sandari o-San Joaqu i n  P l an , and the Sanders-San Joaqu i n  Mod i f i cati on P l an .  The 
second group con s i sts of the East S i de Pl an and the No Federal Acti on P l an 
wh i ch fol l ow a l i nements on the east s i de of Saguaro Nat i ona l Monument and 
Tucson Mounta i n  Par k ,  s k i rti ng the west s i de of the C i ty of Tucson . 

Background TSP concentrati ons  i n  the v i ci n i ty of the west s i de 
routes are l ow .  The west s i de routes general ly  pass through rural areas of 
s parse popu l at ion and l i tt l e commerci a l  or i ndustri a l  devel opment . Some 
agri cu l tura l  l ands of the Avra Val l ey Assoc i ati on l i e to the west of the canal 
oppos i te the Saguaro Nati onal  Monument . Annual  geometri c mea,rs for TSP ' s  
a l ong the routes of the west s i de p l ans are l ess  than 20 mg/m over  nearly 
the i r enti re l ength ( PCAQCD , 1984 : 1 1 ) .  The probab i l i ty of Phase B 
construct i on TSP emi s s i ons cau s i ng  add i t i ona l v i ol at i ons  of e i ther annual or 
24-hou r TSP standards i n  th i s  constructi on corri dor i s  l ow .  Preva i l  i ng 
southeasterly wi nds combi ned wi th d i stance and the orograph i c  separati on of 
the Tucson Mounta i ns wi l l  keep the construct ion  generated TSP ' s  from impacti ng 
the usua l ly  h i gher concentrati ons  i n  the Tucson Metropol i tan Area . 

Background TSP concentrati ons i n  the v i ci n i ty of the northern 
two-th i rds of the East S i de P l an and the enti re l ength of the No Federal 
Acti on P l an are cons i derably h i gher than on the west s i de routes . These 
porti ons of the east s i de routes genera l ly s k i  rt the western border of the 
C i ty of Tucson near the eastern edge of the Saguaro Nati onal  Monument and the 
Tucs�n Mounta i n  Park .  Annual  geometri c means for TSP ' s  fal l between 50 and 75 
mg/m a l ong  certa i n  porti ons  of th i s Phase B constructi on corri dor .  The 
probab i l i ty of Phase B constructi on TSP emi s s i ons caus i ng  add i t i onal  
v i o l at i ons  of the 24-hour standard i s  h i gh and there i s  a l so the ri s k  of 
caus i ng v io l ati ons of the annual  geometri c mean standard for areas near the 
C i ty of Tucson . S i nce nei ther of the east s i de routes are preferred 
a l ternati ves , quant i fi cat i on of add i ti ona l  24-hou r v i ol ati ons  was not 
attempted . For comparat i ve pu rposes , recogn i z i ng that the a i r qual i ty i mpacts 
of e i ther of the east s i de routes are s i gn i fi cantl y greater than those 
as soci ated w i th the preferred west s i de routes i s  deemed suffi c i ent . 

The southern one-th i rd of the East S i de P l an i s  s imi l ar to 
a l i nement  of the west s i de pl ans and the poss i b i l i ty of add i t ional  standards 
vi ol ati ons  i n  th i s  area i s  l ow .  

I t  must b e  noted that Recl amat i on can on ly enforce dust control 
for the project/construction area i tsel f .  I ncreased part i cu l ates generated 
from constructi on equ i pment travers i ng State or County roads to reach the 
constructi on area must be regu l ated by the respon s i bl e State or County agency . 

4 .  I nd i rect Impacts 

The de l i ve ry of water from Phase B of the Tucson Aqueduct wou l d  
requ i re construct i on of water di stri but i on fac i l i t i es to the i rri gat i on 
d i stri cts and other u sers . These construct i on act i v i t i es wou l d  i nvol ve the 
usual  a i r qual i ty i mpact of i ncreased suspended part i cu l ates duri ng the 
constructi on phase . 

The P ima Assoc i ati on of Governments ( PAG ) has been i nforma l ly 
contacted to determ i ne the cons i stency of the Central Ari zona Project wi th the 
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assumpti ons used i n  the State Impl ementati on P l an , the Nonatta i nment Area 
P l an , and the Reg i onal  Transportat i on P l an for P ima County .  The PAG has 
determi ned that the CAP wi l l  have no s i gn i fi cant i mpact on the i r  current 
assumpt i ons  for popu l at i on ,  emi s s i ons , and transportat i on .  

Upon compl et i on of the Tucson Aqueduct , normal  ma i ntenance 
act i v i t i es wou l d  commence . These acti v i t i es are not expected to have any 
s i gn i f i cant impact on a i r qual i ty .  

5 .  Short and Long Term Impacts 

a .  Short Term Impacts 

The major a i r qual i ty impacts associ ated wi th Phase B of 
the Tucson Aqueduct wi l l  occur  du ri ng the construct i on phase of the project . 
A l l constructi on i mpacts as prev i ous ly  descri bed are short term impacts . 

Another short term impact i s  spec i fi c  to the desert 
southwest and i s  associ ated wi th cocc i d i omycos i s  spores wh i ch may become 
a i rborne i n  areas of so i l  d i sturbance . Persons i n  constructi on zones , where 
soi l d i sturbance i s  s i gn i f i cant , may be at  a greater ri s k  of acqu i ri ng a cocci 
i nfect ion  ( va l l ey fever ) . Va l l ey fever is a fungal d i sease wh i ch is endemi c 
to the southwest desert reg i ons and resu l ts from i nhal ation  of the 
anthrospores of the fungus . The d i sease ord i nari ly  man i fests i tsel f as a 
"f l u -l i ke" i l l ness and causes no severe probl ems . However ,  va l l ey fever i s  
occas i ona l ly  a seri ous and sometimes fatal i l l nes s .  Aqueduct constructi on 
wi l l  be c l osel y  mon i tored to i nsure that effect i ve dust abatement measures are 
carri ed out ,  thus reduci ng  the l i ke l i hood of a s i gn i fi cant i ncrease i n  
a i rborne Va l l ey Fever s pores . 

b .  Long Term Impacts 

Upon compl etion  of the aqueduct , post-constructi on 
act i v i t i es wou l d  be rel at i ve ly  sma l l a i r  pol l utant generators . Horseback 
ri d i n g  and other recreati onal act i vi t i es a l ong the right-of-way , i f  permi tted , 
may attract a number of peop l e from urban areas . The i ntroduction  of 
add i t ional  veh i c l es for recreat ion , and ma i ntenance of the aqueduct , shou l d  
have a mi n ima l  impact on a i r qual i ty .  

D .  Sound Qual i ty 

1 .  Descript i on of Ex i st i ng Sound Qua l i ty i n  Project Area 

Sound l evel measu rements taken by Bureau personnel a l ong the 
potenti a l  aqueduct routes ranged from l ess than 30 dec i be l s to more than 75 
dec i bel s .  The h i gher  sound l evel s were due to veh i cl es and a i rcraft , and a 
more representati ve ambi ent l evel wou l d  be approximate ly  45 dec i be l s or  l ess . 
Sound l evel s were a l so measured at spec if i c  s i tes where i t  i s  proposed that 
pump i ng p l ants be constructed , w i th s imi l a r  resu l ts .  

The sound l evel s for Southern Nevada Project pump i ng p l ants 
were taken as representati ve of those for Phase B .  Tests were made at fou r  
di fferent p l ants , one be i ng l ocated wi th i n  a res i dent i a l  area . The h i ghest 
readi ng on any pl ant was 77  dBA at a d i stance of 20-30 feet from the a i r 
cond i t i on i ng u n i ts .  One pl ant tested at a d i stance of 100 , 500 and 1000 feet 
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had readi ngs of 54 , 44 , and 40 dBA , respecti ve l y .  The pl ant l ocated wi th i n  
the res i denti a l area recorded a h i gh of 72 dBA wi th i n  the serv i ce yard , and 
40-48 dBA outs i de the fenced yard area , away from res i dences . On the 
res i dence s i de of the p l ant a readi ng of 55-57 dBA was recorded from house a i r 
condi ti on i ng u n i ts . 

2 .  Construct i on Impact Ana lys i s  

Construction act i v i t i es wou l d resu l t  i n  acute , re l at i ve ly  short 
durati on noi se due to equ i pment operati on , veh i cl e  access , and b l asti n g .  
B l asti ng i s  ant i ci pated for vari ous port i ons o f  any o f  the potent i al 
a l ternati ve a l i nements , but wou l d  be mi n i mi zed to the extent feas i b l e .  

Duri ng  construction , sound l evel s wi l l  be mon i tored by Bureau 
personnel  to assure comp l i ance wi th Federa l , state , and l ocal  l aws and 
regu l ati ons . Constructi on sound l evel s  wi l l  nei ther exceed 75 dec i be l s duri ng 
n i ghttime operat i on , nor 80 dec i be l s du ri ng  daytime operat i on , as  measured 
from poi nts con s i dered to be sound sen s i ti ve .  Sound l evel s u p  to 1 14 deci bel s 
wou l d  be encountered by personnel  work i ng wi th i n  ri ght-of-way boundari es . 
Contractors and Bureau i nspectors wou l  d i nsure that Occupati ona 1 Safety and 
Hea l th Admi n i strat i on (OSHA ) safety regu l ati ons are observed . 

3 .  Comparat i ve Analys i s for Al i nements 

Of the s i x  a l ternati ves u nder cons i derat ion , the East S i de and 
No Federa l Acti on P l ans wou l d  requ i re the most b l ast i n g .  These eastern 
a l i nements wou l d  cross about 6 . 5  mi l es of probabl e  rock  cut , wh i ch i s  about 10 
percent of total excavati on . The proposed West Si de a l i nement wou l d  cross 
about 0 . 3  mi l es of probabl e  rock  cut , wh i ch i s  l ess than 1 percent of tota l 
excavati on .  For the Sandari o ,  Sandari o-San Joaqu i n  and Sanders-San Joaq u i n  
Modi fi cati on P l ans b l ast i ng req u i rements wou l d  b e  comparabl e wi th the West 
S i de P l an . 

Various types of effects have been attri buted to transmi s s i on 
l i nes due to the i r e l ectri ca l  charge , i nc l udi ng  e l ectri ca l  and magnet i c  f ie l d 
effects , aud i b l e no i se ,  rad i o  and tel ev i s i on i nterference , and the producti on 
of ox i dants . The Phase B transmi s s i on l i ne wi l l  be des i gned to meet Federal 
Commun i cat i ons  Commi s s i on ( FCC ) and Nat i onal  E l ectri ca l  Safety Code standards , 
wh i ch are set to mi n i mi ze these e l ectri cal effects . 

Rad io  and te l ev i s i on i n terference , audi b l e noi se ,  and the 
producti on of oxi dants resu l t  from a phenomenon cal l ed corona . When the 
natura l  i ns u l at i ng  qual i ty of the a i r  around a conductor breaks down , an 
el ectri cal  d i scharge occurs . Th i s  breakdown can occur when the stress  caused 
by the e l ectrical  f i el d ( a functi on of the operati ng  vol tage and the d i amete r ,  
h e i  ght , spac i n g  , and geometri  c arrangement o f  the conductors ) exceeds the 
breakdown gradi ent  of a i r ,  wh i ch i s  a funct i on of a i r dens i ty .  Transmi s s i on 
l i nes are des i gned to comply  wi th FCC standards to mi n im i ze corona ; however ,  
atmospheri c condi t i ons  and fore i gn matter such a s  dust ,  i nsects , and ra i ndrops 
can i ncrease the vol tage gradi ent  by shorteni ng  the e l ectri cal d i stance , and 
produce a corona d i scharge . 

The corona d i scharge produces an aud i b l e l ow l evel crackl i ng or 
buzz i ng sound . The i ntens i ty of the noi se l evel i s  dependent on weather 
cond i ti ons . In fai r  weather , the noi se l evel i s  general ly undetectabl e .  
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Du ri ng fou l weather cond i t i ons of ra i n  or  heavy fog , the noi se l evel at the 
edge of the transmi s s i on l i ne right-of-way ( 25 feet from transmi s s i on center 
l i ne ) wou l d  be 30 dec i be l s ( dbA ) , a l evel wh i ch i s  s l i ght ly  aud i b l e and 
comparabl e  to the noi se l evel i n  a l i brary .  

Poorly contac t i ng transmi s s i on 1 i ne hardware wi th a n  oxi d i zed 
fi l m  on the i r contact surfaces can cause radi o  i nterference known as gap-type 
no i se .  The oxi d i zed fi l m  acts as an i nsu l ator to create a vol tage d i stance 
between the two metal l i c objects , wh i ch resu l ts i n  the creati on of mi croarcs . 
Th i s  gap-type noi se i s  essent i a l ly constant regard l ess of frequency .  Gap-type 
noi se i s  general ly  not a prob l em wi th wel l -ma i nta i ned tranmi s s i on l i nes ; i f  i t  
occurs , i t  i s  an obnormal i ty wh i ch can be pi npoi nted and read i ly corrected . 

4 .  I nd i rect Impacts 

The del i very of CAP water from Phase B of the Tucson Aqueduct 
wou l d  requ i re construction of d i stri but i on systems to the u sers . Short term 
constructi on noi se ,  i nc l ud i ng  b l ast i ng , wou l d  resu l t from constructi on of 
these fac i l i t i es .  I t  i s  conce i vab l e that sound l evel s due to the u se of 
el ectri c and d i esel powered i rr i gati on pumps wou l d  decrease as CAP repl aces 
some port i on of currently u sed ground water .  However , th i s  cannot be 
quanti f ied and i s  not expected to be s i gn i fi cant . 

5 .  Short and Long Term Impacts 

Constructi on no i se and b l asti ng a l ong any of the a l i nements 
wou l d  temporari l y  d i sturb wi l d l i fe and annoy res i dents i n  the short term .  

Long term i ncreases i n  sound l evel s  wou l d  b e  l imi ted to 
i ntermi ttent , l ow l evel i ncreases due to ma i ntenance act i v i ti es on the 
compl eted aqueduct and operat ion of pump i ng pl ants . Recently col l ected data 
i nd i cate that sound l eve l s  a l ong the proposed Tucson Phase B a l ternati ve 
routes and the proposed pump i ng pl ant s i tes are genera l ly  i n  the v i ci n i ty of 
45 dec i be l s or l ess , wi th i ntermi ttent sound l evel s  of up to 75 dec i be l s due 
to pass i ng veh i c l es , a i rcraft , and other  trans i tory events .  

The operation of pump i ng pl ants wi l l  contri bute to the sound 
l evel s i n  the adjacent areas . Sound l evel measurements of s imi l ar pump i ng 
pl ants i nd i cate that sound produced by operat i onal  pl ants wi l l  be we l l  wi th i n  
acceptabl e  l imi ts . For i nstance , the Haci enda Pump i ng Pl ant of the Southern 
Nevada Project near Las Vegas produces a sound l evel of about 48 dec i be l s at 
the perimeter of the s i te .  By compari son , peop l e speak i ng i n  normal  
conversati on generate 45  deci bel s .  Measurements near homes i n  the area 
recorded va l ues of 56 to 57 dec i be l s due to pass i ng cars , a i rcraft , and other 
normal acti v i ti es .  S i nce the pl ants on Phase B wi l l  be l ocated i n  depressed 
areas and the r i ght-of-way ( R-O-W )  wi l l  be 400-500 feet from the pl ant , the 
noi se 1 eve 1 at the edge of the R-O-W shou l d be i n  the 40-50 dBA range . 
Operati on of pump i ng pl ants i s  not expected to cause a no i se n u i sance for 
adjacent res i dents . 

E .  V i s ual  Resou rces 

1 .  Descri pt i on of Exi st i ng Condi t i ons 

The U . S .  Bureau of Land Management ( BLM ) has devel oped a 
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p rogram to assess and manage v i sual resources . The V i sual  Resource Management 
( VRM ) System has served as a standard from wh i ch v i  sua 1 resources can be 
measured and has served as a model for tranmi ss ion l i ne p l acement ,  h i ghway 
pl acement , and a host of other devel opment act i v i ti es for more than 10 years . 
VRM i s  an ana lyt i ca l  proces s that i denti fi es , sets , and meets object i ves for 
ma i nta i n i ng scen i c  val ues and v i sual  qual i ty .  The system ( fu l ly  described i n  
BLM Manual  8400 ) i s  based on research that has produced ways of assess i ng 
aestheti c  qual i t i es of the l andscape i n  objecti ve terms . What has been 
cons i dered extremely  subject i ve ( aesthet i c j udgment , part i cu l arly concern i ng 
the l andscape ) was found to have i dent i fi ab l e ,  con s i s tent qua l i t i es that can 
be descri bed and measured .  Independent from the part i cu l ar  terra i n  ( and 
observer ) , perception of v i sual  qual i ty in l andscape seems to be based on 
several common pri nc i pl es : 

o Landscape character i s  primari ly  determi ned by the four 
bas i c  v i sual  e l ements of form , l i ne , col or , and texture . 
A l though a l l fou r  e l ements are present i n  every l andscape , 
they exert varyi ng degrees of i nfl uence . 

o The stronger the i nfl uence exerted by these e l ements , the 
more i nterest i ng the l andscape . 

o The more v i sual  variety i n  a l andscape , the more 
aesthet i cal ly  pl eas i ng the l andscape . Variety wi thout 
harmony , however ,  i s  u nattract i ve ,  part i cu l arly i n  terms of 
a l terati ons that are made wi thout care . 

U s i ng the bas i cs of VRM ,  cont i guous areas of s imi l ar vi sual  
qual i ty can be i dent i fi ed as VRM C l ass 1 ,  2 ,  3 ,  4 ,  or  5 to a i d  in  impact 
cons i derat i ons . C l ass 1 wou l d  i nd i cate an area as hav i ng the greatest amount 
of sceni c  resources , e . g . , the Grand Canyon . Under VRM methodol ogy , Cl ass  1 
areas are establ i shed through l eg i s l ati on or pol i cy .  C l ass 5 i nd i cates areas 
where h uman mod i f i cat ions  have a l ready d i stu rbed the natura l  sett i ng to a 
condi ti on i n  need of rehab i l i tat ion .  VRM c l asses ( I ,  2 ,  3 ,  4 ,  or  5 )  are 
determi ned by rati ng three factors : Scen ic  Qual i ty ,  V i sual  Sens i t i v i ty ,  and 
D i stance Zone . 

Sce n i c  Qua l i ty i s  defi ned as the degree of harmony , contrast ,  
and vari ety w i th i n  a l andscape . The Sce n i c  Qual  i ty rat i ng system i s  u sed 
fi rst to eva l uate areas w i th i n the proposed s i te accord i ng to bas i c  l andscape 
features ( l andform , vegetat ion , water , co l or ,  adjacent scenery ,  scarc i ty and 
cu l tural mod i fi cat ions ) and compares them to other areas wi th i n  the 
phys i ograph i c  reg i on ( see Tab l e 30 for rat i ng factors and cri teri a ) . 

V i sual  Sens i ti v i ty Level i s  an i ndex to the degree of user 
i nterest i n  the scen i c  qual i ty of an area and concern toward exi sti ng or 
proposed changes i n  the l andscape features of that area . V i s ua l  Sens i t i v i ty 
l eve l s ( rated h i gh , med i um ,  and l ow ,  wi th " h i g h "  i n d i cati ng the greatest 
sens i ti v i ty )  are determi ned by eva l uat i ng both Use Vol ume and User Atti tude . 
The determi nati on for Use Vol ume i s  based on the amount of traffic  or v i s i tors 
( by road , tra i l ,  r i ver )  that frequent an area . The cri teria  to determi ne Use 
Vo l ume is set forth in BLM Manual  841 1  - Sens i t i v i ty Leve l . The User Atti tude 
rat i ng for each of the u n i ts i s  estab l i s hed by determi n i ng the amount of use 
of a part i cu l ar  area ( for recreat ion , preservation , scenery ,  educat i on , 
events , etc . ) by the i nd i genous popu l at i ons as  wel l as  by non-res i dents . 
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Table  30 1 SCENIC QUALITY EVALOAi lON FACTORS AND CRITERIA 
TUCSON AQUEDUCT - PHASE B 

CENTRAL ARIZONA PROJECT 

ADJACENT 
LANDFORM VEGETATION WATER COLOR SCENERY 

Hfgh vertfcal A varfety of Clear and cleen Rfch color co.- Adjacent scenery 
rel fef such as vegetative appearfng. stf l l .  bfnatfons , varf- greatly enhinces 
pl'Ollf nent types f n  o r  cascadfng ety or vivfd vfsual qual f ty.  
c l f ffs . spfres fnterest- whf te .ter. any color. or pleas- 5 
or IIISS ive rock fng fo,. .  o f  whfch a re  a fng contrasts 
outcrops or textures. �fnant factor fn the sof l .  
severe sur- and patterns. fn the l andscape. rock vegeta-
face varfatfon 5 5 tfon . water or 
or hfghly snow ffelds. 
eroded fo ... - 5 
tfons fnclud-
fng .. jor bad-
lands or dune 
systt!llS ; or 
detafl  fea-
tures d_fn-
ant and excep-
tfona l ly strf-
kfng and fn-
trfgufng such as 
glacfers. 5 
Steep canyons , Sa.e varfety Flowfng or stf l l .  S-. fntensfty Adjacent scenery 
mesas . buttes . of vageta- but not da.fnallt or varfety fn mdarately en-
cfnder conas tfon. but fn the landscape. colors and con- hances overal l 
and d�l fns ; only one or 3 trast of the vfsual qua I f  ty. 
or f nterest- two typas . so1 1 .  rock and 3 
fng erosfonal 3 vl9ltatfon . but 
patterns or not a �f IIInt 
varfety fn scenfc el_t. 
sfze and shipe 3 
of landfo,. ; 
or deta f l  fea-
tures present 
and fnterestfng 
though not d_fn-
ant or except-
fonal . 3 

Low , rol l f ng Little  or Absent. or not Subtle color Adjacent scenery 
hf l i s ,  fnot- no varf - nntfceable .  varfatfons . has l fttl e or no 
h f l l s  or flat ety or 0 crmtrast or fnfluence on 
val l ey bntt�. contrast fnterest; gan- overa l l  vfsual 
Interestfng . fn vegata- eral ly _ted qua I f  ty. 
deta f l ed  l and- atfon. tones . 0 
scape features 1 1 
few or l ackfng. 1 

l .  Bureau of Land MaMg_t Vfsual Resoul"Ce "'1II�t Pl"Ogr •• Scenfc Qual f ty Ratfng 
A B 

NOTE: Values for each ratfng are .. xf_ and �nf_ C 
scores . It fs a l so possfble to assfgn wfthfn 
thase ranges . 
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SCARCITY MOD I FI(  

One of a kfnd; FI'I 
or unusual ly � ca 
orable ; or very or 
rare wf thfn re- sf.  
gfon . Consf st- en. 
ent chance for tf. 
exceptfonal wf l d- to 
I f fe or wf l d- 2 
flower vfewfng 6 

Dfstfncti ve. Sc, 
though sOlllWlla t SOl 
sf.1 1ar to others atJ 
wfthfn the regfon. ou 2 no 

th, 
tf 
..,. 
I f  
va 
a,., 
0 

e 
Interestfng wfth- Mo· 
fn fts settfng. sn 
but fafrly sc, 
cOllllOft wfthfn a,., 
the regfon. or 1 rl!< -4 

Pofnts Scol"ad 19-23 12-18 0-11 



U s i ng resu l ts of the Use Vol ume and User Atti tude rat i ngs , the 
V i sual  Sens i t i v i ty of each area can be i dent i fi ed ( see Tab l e  3 1 ) .  

D i stance Zones d i v i ded i nto foreground/mi ddl eground , 
background , and sel dom-seen , take i nto account the proximi ty of the observer 
to the l andscape . Areas that are c l oser have a g reater effect on the observer 
and requ i re more attent ion . Because of the ease of access i b i l i ty i n  the 
Tucson Aqueduct-Phase B study area , a l l a reas were v i ewed as foreground . 

Management C l ass  To determi ne the V i sual  Resource Management 
C l asses for the study area , the resu l ts of the Scen i c  Qual i ty ,  V i s ual  
Sens i t i v i ty ,  and D i stance Zones are app l i ed to the Resou rce Management C l ass  
Matri x ( see Tab l e  32 ) .  The VRM cl asses prov i de a bas i s  for determi n i ng the 
v i sual  impact of a proposa l , and mi t i gati ng measures needed to br i ng  the 
acti v i ty wi th i n  the acceptabl e l imi ts of the VRM c l ass . 

VRM c l asses , the i r object i ves , and recommended management 
practi ces a re as fol l ows : 

C l ass  1 .  Th i s  c l ass provi des primari ly  for natural  ecol og i ca l  changes ; 
however ,  i t  does not precl ude very l imi ted management acti v i ty .  Any 
contrast created wi th i n  the characteri sti c envi ronment must not attract 
attent ion . It  i s  app l i ed to wi l derness  areas , some natura l  areas , wi l d  
porti ons of the wi l d  and scen i c  ri vers , and other s i mi l ar s i tuati ons 
where • . •  acti v i t i es are to be restri cted . 

C l ass  2 Changes i n  any of the bas i c  e l ements ( form ,  l i ne , col or ,  
texture )  caused by an • . . act i v i ty shou l d  not be evi dent i n  the 
characteri sti c l andscape . A contrast may be seen but shou l d  not attract 
attent ion . 

Us i ng the VRM methodo l ogy , the v i sual  resources of the Tucson 
Aqueduct - Phase B study area were i nventori ed by an i nterd i sc i p l i nary team 
between June and August ,  1982 . Scen i c  qual i ty of the area was eva l uated i n  
terms of l and form , vegetat ion , col or ,  presence o r  scarc i ty of wate r ,  adjacent 
scenery ,  and ex i st i ng  cu l tural  mod i fi cat i ons . The resu l ts of the scen i c  
qual i ty rat i ngs are shown on F i gu re 48 . 

The V i sual  Sens i ti v i ty Level for the enti re study area , based 
on Use Vol ume and User Atti tude , was determi ned to be h i gh ( see Tab l e 3 1 ) .  
Due to ease of road access  to a l l parts of the study area , a l l areas cou l d  be 
v i ewed as  " foreground" i n  the D i stance Zone cri teri a .  Based on above 
measures , VRM c l  asses for the study area were determi ned , and are shown on 
F i gure 49 . Saguaro Nati onal  Monument i s  cons i dered C l ass  1 based on i ts l ega l 
status .  The rema i nder of the study area i s  c l assed as 2 or 3 .  

3 .  Impact Analys i s  

Phase B of the Tucson Aqueduct w i  1 1  pose two types of v i s ua 1 
changes to the area surround ing  the project -- short term d i sturbances due to 
construct ion , and the l ong-term changes due to the presence of the structures . 
Movement of construct i on equ i pment , dust , exhausts , and tempora ry structures 
wou l d  contri bute to an unnatural appearance of the l andscape and a degradati on 
of v i sual  qual i ty .  These constructi on acti v i t i es wou l d  be temporary ,  howeve r ,  
and are not con s i dered l ong-term or s i gn i fi cant adverse impacts . 
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High 
Sens i t i v i ty 

Medi um 
Sens i ti v i ty 

Low 
Sens i ti v i ty 

TABLE 3 1  

V ISUAL SENS I T I VI TY LEVELS 1 /  
TUCSON AQUEDUCT - Phase ! 

CENTRAL ARIZONA PROJECT 

USER ATTITUDE QUANTITY OF USE 

H H 
H M 
M H 
H L 

L H 
M M 
M L 

L M 
L L 

1/ Bureau of Land Management Visual Resou rces Management Program 
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TABLE 32 
V I SUAL RESOURCE MANAGEMENT CLASS MATRIX II 

V ISUAL SENS ITIVITY 

SPECIAL AREAS 

SCEN IC QUALITY A 

B 

C 

D ISTANCE ZONES 21 

TUCSON AQUEDUCT - PHASE B 
-

CENTRAL ARI ZONA PROJECT 

H I GH MED IUM 

1 1 1 1 1 1 

2 2 2 2 2 2 

2 3 3 3 4 4 

3 4 4 4 4 4 

FG BG SS FG BG SS 

MG f�G 

LO'W 

1 

2 

4 

4 

SS 

17 
!I 

Bu reau of Land Management Visual Resou rces f1anagement Program. 
FG- foreground 
MG - mi dd l e  ground 
BG - background 
SS - sel dom seen 
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The i mp l ementat ion of any of the a l i nement a l ternati ves wou l d  
i ntroduce open cana l s ,  earthen d i kes , bu r ied p i pe l i nes , pump i ng p l ants , surge 
protect i on structu res , power transmi s s i on l i nes , and access roads i nto the 
area . The presence of these structu res wou l d impose l ong-term changes on the 
v i sual  qual i ty of the area . The natu re and s i gn i fi cance of these changes 
depend on many factors , i nc l ud i ng the l ocat i on from wh i ch the structure i s  
v i ewed , the number o f  v i ewers , scen i c  qual i ty o f  the area i nvol ved , and the 
exi sti ng d i stu rbance i n  the area due to man ' s  acti v i t i es . 

The degree of v i s i b l e  change due to the presence of the Tucson 
Aqueduct-Phase B fac i l i t i es wou l d vary s i gn i fi cantly accord i ng to whether the 
aqueduct i s  des i gned as bur i ed p i pe l i ne or open canal . Bu ri ed p i pe l i ne may 
resu l t i n  l ess v i sual  i mpacts , s i nce the on ly  structures v i s i b l e  after 
constructi on wou l d  be power transmi s s i on l i nes , l ow profi l e  pump i ng p l ants , 
operati on and ma i ntenance ( O&M ) roads , and s urge protecti on structures a l ong 
the p i pe l i ne .  The des i gn ,  number , and l ocati on of surge protecti on structures 
wou l d  be determi ned duri ng  f i na l  des i gn ,  i f  a p i pe l i ne a l ternat i ve was 
sel ected as the proposed act i on . 

Open canal s wou l d  have the potent ia l  for g reater v i sual  i mpact , 
dependi ng  on the i r  v i s i b i l i ty and the sens i t i v i ty of the areas through wh i c h  
they pass . Of  part i cu l ar concern i s  the v i s i b i l i ty of  the open cana l  of  the 
West  S i de P l an as  i t  passes near areas of h i gh v i sual  sens i t i v i ty such as the 
Ari zona-Sonora Desert Museum , Saguaro National Monument , and Tucson Mounta i n  
Park . A spec if i c  analys i s was made to determi ne the v i s i b i l i ty of proj ect 
featu res from these sens i t i ve v i ewpo i nts . By compari ng  v i ews of the compl eted 
CAP canal  near Phoen i x  wi th v i ewpo i nts from the v i sual ly  sens i t i ve areas , i t  
was determi ned that the open canal of the West S i de P l an wou l d  not be v i s i b l e  
from many areas due to topography and vegetat i ve screen i ng ,  and where v i s i b l e ,  
i t  wou l d  not be a domi nant feature of the v i ew .  Stud i es from several vantage 
po i nts i n  the Tucson Mounta i n  Park and Saguaro Nat i onal  Monument i nd i cate that 
the d i ke wi l l  be of suffi c i ent  he ight  and d i stance away to h i de the canal  and 
servi ce roads from v i ew .  The v i ew from most other h i gher l ookout po i n ts wou l d  
be a l i ne representat ion of the cana l due to the d i stance i nvol ved . 
Neverthe l ess , v i ews to the west from h i gher e l evati ons wi th i n  Saguaro Nati ona l 
Monument wou l d  be degraded by the add i t ion of the canal and assoc iated 
structu res to the l andscape . These v i ews are cons i dered by the Nat i onal  Park 
Serv i ce as  park resources , s i nce they add to v i s i tor enjoyment of the area . 
F i gure 50 i s  a photo showi ng an ex i st i ng segment of the CAP cana l  near 
Phoen i x .  The v i ew of the canal in the photo i s  an exce l l ent representat ion of 
how the Tucson Aqueduct wou l d  appear from the Ari zona-Sonoran Desert Museum , 
s i nce the d i stance ( about 2 mi l es ) , topography and vegetati on are s i mi l ar .  

The d i kes o n  the ups l ope s i de o f  the cana l  wou l d  not be 
constructed as v i sual  mi ti gat i on featu res ,  but rather wou l d  be necessary to 
provi de cross dra i nage protection to the cana l  from natu ral  storm runoff . 
They wou l d  however ,  function to concea l the canal from most of the more 
v i sua l l y  sens i t i ve vantage poi nts to the eas t .  We have eval uated the concept 
of col or i ng  the cana l  concrete to hel p b l end the structure i nto the 
surroundi ng l andscape . We have concl uded that col ori ng the enti re concrete 
surface of the canal i s  not just i fi ed . Once operati ona l  the canal  wi l l  remai n  
fi 1 1  ed w i  th water , except on rare occas i ons when ma i ntenance may requ i re 
temporary dry-ups . Because of th i s ,  and because the d i ke wi l l  be of adequate 
hei ght to prov i de some v i sual  rel i ef ,  we have concl uded that the add i t i onal 
cost i s  not just i f ied .  However ,  we bel i eve that pai nt i ng or sta i n i ng h i gh ly 

85 



v i s i b l e  canal structures , such as bri dges p i pe and fl ume overchutes i s  a val i d  
techn i que for reduc i ng . v i sual i mpact .  

I n  order to reduce v i  sua 1 impact , the ta l l surge tanks at 
Brawl ey ,  Bl ack Mounta i n ,  Snyder H i l l ,  and San Xav ier  Pump i ng Pl ants have been 
e l imi nated . The dec i s i on has been made to u se a i r chambers at these four  
pumpi ng p l ants . Surge protecti on wi l l  st i l l  need to be  prov i ded at  some poi nt 
a l ong the del i very p i pe l i ne from the Snyder H i l l Pump i ng Pl ant to the Tucson 
Water del i very po i nt .  Th i s  protecti on cou l d  be provi ded by a s hort surge tan k  
( about 15 feet h i gh ) , a i r  chamber structure , o r  other means determi ned duri ng 
fi na l  des i gn .  We wi l l  coord i nate wi th Tucson Mounta i n  Park duri ng fi nal  
des i gn to arri ve at an acceptabl e  confi gurati on for th i s  structu re . 

Du r i ng fi na l  des i gn of the aqueduct features , measures wi l l  be 
i nc l uded to reduce the v i sual i mpact of the aqueduct , d i kes , pump i ng p l ants , 
and access roads . A l andscape arch i tect wi l l  spec i fy l andscap i n g  measu res to 
be i nc l uded at each of the pump i ng p l a nts , and revi ew constructi on 
spec if i cat ions for other aquedu ct featu res to i nsure adequate con s i derat i on of 
v i sual impacts . Spec if i ca l l y ,  the fo l l ow ing  measures wi l l  be i ncorporated 
i n to the proposed acti on to reduce v i sua l  impacts : 

i nc l us ion  of l andscap i ng  measures for each pump i ng 
pl ant and , i f  appropri ate , aqueduct reaches to reduce 
vi sua 1 impact ;  

remova l  and stockp i l i ng of  s uffi c i ent numbers of 
saguaros and other cactus from the construct i on zone 
to be transpl anted at pump i ng p l a nts or a l ong the 
aqueduct at spec if i c  areas as l andscap i ng ;  

d i kes and cut s l opes wi l l  be benched , terraced or 
fu rrowed to reduce eros i on and a i d  in revegetation ; 

seed i ng of nat i ve and/or xeri c adapted perenn i a l 
pl ants and grasses on constructi on-d i stu rbed areas . 
The revegetation program may i nc l ude the use of a 
l and-su rface i mpri nter or other techn i ques to 
encourage revegetat i ve success . Revegetati on efforts 
wi l l  be coord i nated wi th i nterested l ocal agenci es 
and i nput wi l l  be sought i n  deve l op i ng a fi nal  
vegetation pl an ; 

the u se of cobbl e or  gravel cover or p l acement of 
1 andscape s tone on cut s l opes or d i ke s i de s l opes 
wi l l  be con s i dered as a means to reduce eros i on ,  and 
enhance revegetati ve success ,  thus reduci ng v i sual  
i mpacts ; 

pai nt metal cana l s tructu res , s uch as p i pe over
chutes , wi th a col or chosen to reduce v i s i b i l i ty ;  

concrete cana l structures such a s  bri dges and fl ume 
overchutes shal l recei ve a surface treatment to 
reduce v i sual  contrast to the adjo i n i ng desert ; 
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cha i n  l i n k  securi ty fenc i ng opti ons such as of the 
PVC-coated type to reduce refl ecti ve g l are ,  wi th 
fence posts and fabr i  c of a col or chosen to reduce 
v i s i b i l i ty ;  or , i f  such mater ia l  i s  determi ned 
unsu i tabl e for desert c l imates , the gal van i zed fence 
wi th a du l l -coat sol ut ion to reduce g l a re wi l l  be 
cons i dered ; 

pri or to the canal excavati on and construct i on , 
ri ght-of-way fences wi  1 1  be erected , and vegetation 
c l eari ng l imi ts wi l l  be del i neated in  the 
construction spec i fi cati ons . Construction acti v i t i es 
wou l d  be confi ned to these del i neated areas wi th i n  
the R-O-W to reduce vegetat ion c l eari ng and v i sua l  
impact ; and 

constructi on s pec if i cat ions  wi l l  spec i fy des i gnated 
use areas for contractor construct i on yards and other 
needed constructi on areas . These use areas wou l d  be 
se l ected based i n  part on the i r v i s i bi l i ty from 
sen s i t i ve areas , and other envi ronmental 
con s i derati ons . Other construction use areas wou l d  
requ i re s pec if i c  approval of the contracti ng officer .  

F igure 5 1  shows the typ i ca l  structures u sed for 69-kv and 
1 15-kV transmi s s ion l i nes . V i sual  i mpacts of the l i ne wou l d  vary w i th 
structure type ( s i ng l e or doub l e po l e ) , structu re hei ght , d i stance from 
v i ewers , context ( i ndustr ia l , res i dent i a l , rura l ) and p l acement i n  relat ion to 
concentrati ons of peop l e .  To a great extent the v iewer ' s  atti tudes toward 
man-made structures and transmi s s i on l i nes , i n  pa rt i cu l ar ,  determi ne the 
degree of impact . Non-specu l ar  conductors wi l l  be u sed a l ong the enti re 
l ength of the transmi s s i on l i ne i n  order to reduce v i sual  i mpacts . 

Of concern i s  the potent ia l  for adverse v i sua l  impacts on the 
Saguaro Nati ona l Monument and Tucson Mounta i n  Pa rk from the West S i de 
a l i nements . The proposed a l i nement comes to wi th i n one-ha 1 f mi 1 e of the 
Monument boundary but i s  over 1 . 5  mi l es from Ki nney Road scen i c  route . The 
l i ne wou l d  not para l l el wel l -travel ed roads and wou l d  barely be v i s i b l e  from 
scen i c  overl ooks . The l i ne wou l d  have l es s  effect on Tucson Mounta i n  Pa rk 
because i t  i s  l ocated further from scen i c  areas . 

Of greatest  concern a l ong the East  S i de a l i nement i s  the 
prox imi ty to res i denti a l  areas . Transmi s s i on l i nes have adverse i mpacts on 
v i sual  qual i ty in res i dent i a l  areas . For the most  part , v i sual  i mpacts of 
transmi s s i on l i nes wi l l  be moderate to i n s i gn i f i cant when v i ewed from 
d i stances g reater than 0 . 33 mi l e .  Th i s  d i stance may be shorter i f  the l i ne i s  
screened from v i ew by vegetati on o r  topography , o r  greater i f  the structures 
are s i l houetted aga i nst the s ky l i ne or contrast sharp ly  wi th the background . 
General ly , even a s i l houetted l i ne wi th structures of the types cons i dered for 
th i s  project wou l d  not be domi nant features of the l andscape at d i stances 
greater than approx imate ly  0 . 5  mi l e .  Impacts wi l l  be greater i n  res ident ia l  
areas . 

To reduce the v i sua l  impact of the overhead l i nes , Western 
took the fol l ow i ng steps i n  se l ecti on of transmi s s i on l i ne routes : 
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When feas i b l e ,  con s i dered routes wh i ch u sed exi st i ng uti l i ty 
corri dors or transportati on corri dors wh i ch do not traverse areas 
w i th h i gh or  moderate scen i c  qual i t i es . 

Avo i ded routes through the Saguaro National  Monument .  

Para l l ed the r i ght-of-way of the water de l i very system through areas 
of l ow to moderate scen i c  qual i ty ,  i f  the course was rel ati ve ly  
stra i ght .  

Where the water del i very system route made severa l sharp bends , the 
l i ne routes dev i ate from a paral l e l course i n  order to avo i d  severa l  
sharp changes i n  d i rect i on wh i ch resu l t  i n  adverse impacts . 

Cons i dered a l ternat i ve routes and structure des i gns wh i ch mi n imi zed 
impacts i n  res i dent i a l  areas . 

The cho i ce between doub l e-pol e  structures and s i ng l e-pol e  
structures i nvol ves trade-offs between the hei ght and number of pol es per mi l e  
of l i ne and the overal l structure profi l e .  I n  genera l , doub l e pol e  H-frame 
structures present a broader ,  more mas s i ve profi l e ,  requ i re 6 to 7 fewer 
structures per mi l e ,  and are f i ve to ten feet ta l l er than s i ng l e  pol e  
structures . Past  experience i nd i cates that the publ i c  fi nds s i ng l e pol e  
structures l ess  objecti onab l e than doub l e  po l e .  

Tab l e  33 presents the mi l es of each transmi s s i on l i ne route i n  
each of the v i sual  resource management Cl asses ( I ,  I I ,  I I I )  and Scen i c  Qual i ty 
rat i ngs ( A ,  B ,  C ) . The use of scenery c l ass i fi cati on ass i sts i n  compari son of 
the rel at ive scen i c  va l ue of scen i c  resources i n  the study area by 
d i s i nterested observers . B road categor ies perm i t  compari son of the rel ati ve 
tota 1 impact of each route . I t  i s  important to note , however ,  that the 
impacts on res i dent ia l  areas , as perce i ved by the i nhabi tants , are not 
necessari l y  l ess  severe because the Scen i c  Qual i ty rat i ng of the i r area i s  
c l as s i fied as C .  For th i s  reason , reasonab l e  routes wh i ch mi n i mi ze impacts to 
res i dent ia l  areas have been i nc l uded whenever pos s i b l e ,  regardl ess of the 
c l ass i f i cati on . 

For a l l a l i nements on the west s i de on ly  short secti ons of the 
routes traverse anyth i ng but C l  ass C scenery ;  no Cl ass  A scenery wou l  d be 
i nvol ved . The Saguaro Nati ona l Monument i s  the only C l ass  1 management a rea 
i n  the study area and i s  avo i ded by a l l routes . 

Of the f i ve mi l es of C l  ass  B scenery crossed by the proposed 
West  S i de a l i nement ,  2 . 5  mi l es are res i dent i a l , mak i ng th i s  a l i nement the one 
w ith the l east overa l l i mpacts to v i sual  resou rces and to res i dent i a l  areas . 

The easts i de a l i nements have g reater overa l l i mpacts on v i sua l  
resources due  to  a comb i nation of  three factors . F i rs t ,  the routes wou l d  be 
l ocated i n  dense ly  i nhabi ted areas wh i ch i ncreases the numbers of v i ewers 
wh i ch wou l d  be adversely affected . Second , the v i sua l  resou rces are of 
general ly h i gher qual i ty ,  i nc l ud i ng 1 . 5  mi l es of C l ass  A scen i c  qual i ty .  
Th i rd ,  the rel at i ve impacts to res i dent i a l  areas wou l d  be g reater because more 
res i dent i a l  areas a re i nc l uded i n  the i mpact zone . 
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TABLE 33 

V ISUAL RESOURCES 

Mi l es of tran smi s s i on l i ne routes i n  each v i sual resource man agement c l ass  and scen 
qual i ty rat i ng grou p .  

Management Cl a s s  Scen i c  Qual i ty Rat i ng 

Route I I I  I I I  A B C 

West S i de 0 . 0  5 . 0  28 . 0  0 . 0  5 . 0  28 . 0  

Sandari o  0 . 0  5 . 0 28. 0  0 . 0  5 . 0  28 . 0  

Sanda rio- 0 . 0  6 . 8  26 . 2  0 . 0  6 . 8  26 . 2  
San Joaqu i n  

Sanders-San 
Joaqu i n  Mod i fication 0 . 0  5 . 0  29 . 0  0 . 0  5 . 0 29 . 0  

East S i de 0 . 0 6 . 5  25 . 5  1 . 5  5 . 0  25 . 5  

No Federal Ac t i on 0 . 0  3 . 0  16 . 0  0 . 0 3 . 0  16 . 0  
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3 .  Comparat i ve Analys i s  for Al i nements 

Tab l e 34 compares each of the s i x  a l ternati ve p l ans by l ength 
of open cana l , p i pel i ne ,  and power transmi s s i on l i nes and by v i sual  resource 
management c l ass . 

Based on thi s  compari son , any of the p i pe l i ne routes wou l d be 
preferab l e  to any of the canal routes , because the buri ed p i pel i ne wou l d  not 
be h i gh l y  v i s i b l e  after construct i on .  However ,  a l l p i pel i ne routes do 
traverse the C l ass  I Saguaro Nati onal Monument a rea , and thus  wou l d  have more 
s i gn i fi cant adverse effects duri ng the constructi on phase . Moreover ,  because 
the need for surge protection structures i s  based on l engths of pres sure 
p i p l i ne ,  the p i pel i ne routes wou l d  a l so requ i re surge protecti on structures at 
regu l ar i nterval s .  I t  i s  pos s i b l e  such s u rge protecti on cou l d  be provi ded by 
l ow-profi l e  a i r chamber structures , but th i s  determi nat i on wou l d  be made 
du ri ng fi nal  des i gn i f  a p i pel i ne route i s  sel ected as the proposed acti o n .  
The dec i s i on has been made to u s e  a i r  chambers a t  fou r  o f  the pump i ng p l ants 
for the West S i de P l an , the agency proposed act i on . 

I n  a summary compar i son of net , adverse impacts from l east 
preferabl e to most preferab l e ,  the a l ternat i ves wou l d  be ranked as fol l ows : 
West S i de P l an , East S i de P l an ( based on transmi s s i on l i ne i mpacts to 
res i dent i a l areas ) ,  No Federal Act ion , Sandario  Pl an , Sandari o-San Joaqu i n  
P l an ( based on cros s i ng through the Nati onal  Monument ) and the Sanders -San 
Joaqu i n  Mod i f i cati on P l an .  The l ong term v i sual  i mpact of the West S i de P l an 
i s  cons i dered to be moderate ; a l l other pl ans l ow .  

4 .  I nd i rect Impacts 

Use of CAP water from Phase B of the Tucson Aqueduct wou l d  
requ i re construct i on of d i stribut i on systems to i rri gat i on d i stri cts and 
mun i c i pa l i ti es .  For the most part , these d i stri but ion systems wou l d be 
constructed as bur ied p i pel i nes , so add i t i onal  v i sua l  impacts wou l d  be 
mi n imal . Such d i stri buti on systems requ i ri ng Federal fund i ng or l oans wou l d  
be s ubject to NEPA comp l i ance prior to construct i on .  Further v i sual  impact 
analys i s  wou l d  be requ i red as appropri ate as part of the envi ronmental 
ana lys i s .  The actual  use of CAP water i s  not expected to affect the v i sua l  
qual i ty of the  serv i ce area . 

5 .  Short and Long Term Impacts 

Construct i on act i v i tes wou l d  create v i sua l  i ntru s i ons havi ng 
thei r greatest i mpacts i n  the short term . Revegetat i on and l andscapi ng wou l d  
l essen v i sual  i mpact and ach i eve improved compat i b i l i ty w i th preconstruct i on 
cond i t i ons , but a res i dual  l ong-term v i sual  i mpact wou l d  resu l t  from the 
i mpos i ti on of the man-made structu res onto the natural desert l andscape . 
Conti nued cu l tura l  mod i f icati on of the project area through res i dent i a l  and 
other deve l opment wou l d  l essen the v i sual  i mpacts of the project i n  the 
l ong-term . 

F .  Lands 

1 .  P roject R i ght of Way Requ i rements 

Al l the right-of-way requ i red for Phase B of the Tucson 
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Tabl e  34 
Compari son of Al ternati ves by VRM C l ass 

Tucson Aqueduct - Phase B 
Centra l  Ari zona Project 

Al ternati ve Vi sual  Resource Managemen t A��roximate Length 
Cl ass {R,lel 

Cl ass 1 Cl ass 2 Cl ass 3 Cl ass 4 C l as s  5 

West S i de 
Plan 0 a 0 

Canal  4 . 0  24 . 0  28 . 0  
P i pel i ne 6 . 4  13 . 0  1 9 . 4  
Transmi s s i on 5 . 0  28 .0  33 . 0  

Li nes 

Sandario Road 
Plan 0 0 

Canal  0 3 . 0  13 . 9  16 . 9  
P i pel i ne 2 . 5  7 . 0  18 . 4  27 . 9  
Transmi s s i on 0 5 . 0  28 . 0  33 . 0  

Li nes 

Sandari o-San 
joaguin  �oaa 
Pl an 0 0 

Canal  0 0 4 . 8  4 . 8  
P i pel i ne 2 . 5  14 . 0  23 . 5  39 . 8  
Transmi s s i on 0 6 . 8  26 . 2  33 . 0  

Li nes 

Sanders-San 
. Joaguin 
RoalTicati on 
Plan 0 0 

Canal 0 0 . 5  18 . 7  19 . 2  
P i pel i ne 2 . 0  12 . 0  14 . 0  28 . 0  
Transmi s s i o n  0 5 . 0  29 . 0  34 . 0  

Li nes 

East S i de 
Plan 0 0 0 

Canal  4 . 0  2 . 6  6 . 6  
P i pel i ne 1 1 . 0  19 . 2  30 . 2  
Transmi s s i on 6 . 5  25 .5  32 . 0  

L i nes 

No Federal Act i on 
Plan 0 
-Canal 4 . 0  2 . 6  0 0 6 . 6  

P i pel i ne 8 . 5  5 . 0  13 . 5  
Transmi s s i on 3 . 0  16 . 0  19 . 0  

Li nes 
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Aqueduct wou l d  be l ocated i n  P ima County .  Depend i ng on the route sel ected , 
the ri ght-of-way requ i rements for Phase B cou l d  range from about 637 to 2 , 187 
acres . The s i x  routes and the i r  estimated r ight-of-way requ i rements a re 
l i sted i n  Tab l e  35 . 

The r ight-of-way requ i rements vary both wi th the l ength of the 
route and whether the del i very system i s  an open cana l or  an underground p i pe 
or a comb i nati on of both . P i pel i ne port i ons  of the a l ternati ve route wou l d  
normal ly  req u i re about 100 feet of ri ght-of-way . For open canal sect i ons , the 
ri ght-of-way cou l d  range from 445 feet to about 615 feet . 

I n  add i t i on to the ri ght-of-way estimates l i sted above , 
add i t i onal  l ands may be needed for borrow areas , aggregate sources , haul  
roads , and transmi s s i on l i nes . Transm i s s i on l i nes general ly requ i re about a 
100 foot r ight-of-way . 

A l l l ands needed for the construct ion , operati on ,  and 
ma i ntenance of the aqueduct wou l d  be acq u i red in fee un l ess  i t  i s  determi ned 
at the t ime of acqu i s i ti on to be i n  the best i nterests of the Government to 
acqu i re a l es ser i nterest i n  s pec i f i c  parcel s .  The l ands to be obtai ned wou l d  
be acq u i red i n  a manner con s i stent w i th the l aws and regu l at ions  perta i n i ng to 
the Federa l acqu i s i ti on of l and as set forth i n  the " Un i form Rel ocat ion 
Ass i stance and Real  Property Acqu i s i t ion Pol i c i es Act of 1970" ( P . L .  9 1 -646 , 
89 Stat . 1984 ) and as  prov i ded i n  Parts 2 1 1 . 1 . 6  and 21 1 . 1 . 7  of the Bureau 
i nstruct i ons . Spec i f i c  l and acqu i s i ti on procedures have been deta i l ed i n  
prev ious  CAP E IS ' s  ( see U . S . B . R .  1979 : 17-18 )  and are not repeated here . 

2 .  Land Use 

a .  Descript ion of Ex i st i ng Land U se i n  Project Area 

The l and u ses a l ong the a l ternat ive routes for Phase B of 
the Tucson Aqueduct vary from desert g raz i ng and i rr i gated cropl and to rura l , 
res i denti a l , commerc i a l and i ndustri a l . F i g ure 52 depi cts the l and u se a l ong 
the a l ternati ve routes , and Tab l es 35 and 36 respecti vel y ,  l i st the acreage 
and mi l es crossed by aqueduct and transmi s s i on l i ne fac i l i t i e s . 

b .  Constructi on Impact Analys i s  

West  S i de P l an (Agency Proposed Act i on ) : S i nce much of 
the pri vate l and a l ong th i s  a l i nement i s  as yet undevel oped , th i s  pl an 
presents a mi nor i mpact to res i dent i a l  areas . Some d i s rupt i on to g raz i ng and 
agri cu l tura l  l and uses wou l d  occur .  

Sandari o-San Joaqu i n  P l an :  Th i s  a l i nement wou l d  have 
substanti a l ly  the same constructi on i mpacts as the West  S i de P l an .  Fewer 
d i s ru pt i ons  to exi s t i ng l and u se wou l d  occur  where bur ied p i pe l i ne repl aces 
open canal . 

Sandar io  P l an :  Th i s  a l i nement wou l d  have substant i a l ly 
the same construction i mpacts as the Sandari o-San Joaq u i n  P l an .  

Sanders-San Joaq u i n  Mod i f i cat ion P l an : Th i s  a l i nement 
wou l d  have i mpacts very s i mi l ar to those of the Sandari o-San Joaq u i n  P l an .  
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Route Desert 

Wes t  S i de 1 ,983 

Sanda ri o 1 ,517  

Sanda ri o-
San Joaqu i n  862 

Sanders -San 
Joaqu i n  
Mod i fication 1 ,808 

East  S i de 1 ,367 

No Federal 
Acti on 447 

Tab l e  35 
Estimated Ri ght-of Way Requ i rements 

Tucson Aqueduct - Phase B 
Centra l Ari zona Proj ect 

Agri cu l tu ral Res i denti al  Corrmerc i a l  

96 108 0 

96 95 0 

96 107 0 

96 120 0 

123 340 3 

0 176 0 
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I ndus tri a l  

0 

0 

0 

0 

16 

14 



TABLE 36 
LAND USE - TRANSMSS ION L I NE ROUTES 

Mi l es of l and use c atego r i es cros sed by the tran smi s s i on l i ne for each route . 

Route Re sidenti al I ndustri al Cul ti vated Fl oodpl ai n  Undevel oped 

West S i de 6 . 0  0 . 0  0 . 7  0 . 2  25 . 8  

Sandario 7 . 6 0 . 0  0 . 7  0 . 2  24 . 5  

Sandari o- 11 . 8  0 . 0  0 . 7  0 . 2  21 . 3  
San Joaq u i n  

Sanders-San 
Joaqui n 
Mod i fi cation 

East S ide 9 . 3  3 . 0  0 . 6  0 . 6  18 . 0  
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East  S i de P l an :  Th i s  a 1 i nement presents i mpacts to 
pri vate property , wh i ch ,  in terms of mi l eage are approx imately the same as 
those a 1 i nements s i tuated on the west  s i de of the Tucson Mounta i ns . In terms 
of impact , however , the severi ty on the east s i de i s  greater becau se many 
l andowners have constructed houses and made other i mprovements . 

No Federal Acti on P l a n :  Impacts wou l d be very s i mi l ar to 
that of the East  S i de Pl an s i nce i t  has been assumed that th i s  pl an wou l d  be 
s imi l ar in route to the East  S i de P lan  from the termi nus of Phase A to Tucson . 
However ,  i t  wou l d  cross ha l f  as much res i dent i a l  l and and no agri cu l tura l  
l and .  

c .  Comparati ve Analys i s  for A1 i nements 

As i ndi cated i n  the prev i ou s  secti on , the i mpact upon l and 
use caused by the constructi on of any of the a l ternati ves wou l d  be s imi l ar to 
a l arge extent .  The East  S i de and No Federal Act i on a1 i nements wou l d  have the 
most severe i mpact on pri vate property due to the degree of devel opment a l ong 
those a 1 i nements . Any of the a 1 i nements on the west  s i de of the Tucson 
Mountai ns wou l d  pose some prob l ems to cattl e graz i ng i n  that movement of 
anima l s wou l d  be restricted . 

d .  Indi  rect Impact 

Construction of the aqueduct a l ong any of the a l ternati ves 
wou l d  a l ter cross dra i nage and water d i scharge patterns creati ng temporary 
impoundments wh i ch wou l d  affect l and use . Lands wi th i n  i mpoundments may 
atta i n  more vegetat i on wh i ch cou l d  provi de more b rowse for graz i ng .  Land 
downstream of the aqueduct wi l l  become l es s  susceptab 1 e  to fl ood ing , wh i ch may 
make them more attracti ve to devel opment . 

e .  Short and Long Term Impacts 

Duri ng construction , d i s ruptions of graz i ng  patterns , 
rel ocati on of power1 i nes , roads , and annoyance to nearby restaurants wou l d 
occur a l ong any of the a l ternat i ve routes . I n  the l ong term , some 
agr icu l tural and graz i ng l ands wou l d  be l os t ,  and construct i on of the aqueduct 
wou l d  precl ude future devel opment of some pri vate l ands . 

3 .  Land Ownersh i p  

a .  Descr ipt i on of Exi st ing Land Owners h i p  

State , pri vate , and I nd ian ownersh i p  accounts for approxi mate ly  
98  percent of the  Phase B l and ( See Fi gure 53 ) .  Federa l and  county ownersh i p  
accounts for the rema i nder .  Tab l e 3 7  shows estimated acreage by l and 
ownersh i p  for the aqueduct a 1 i nements and Tab l e 38 shows mi l es of l and 
ownersh i p  for each transmi s s ion route . 

b .  Construction Impact Analysi s  

For l and now i n  state owners h i p ,  the state wou l d be 
permi tted to sel ect " i n  1 i eu " l ands from BLM hol d i ngs  i n  retu rn for most of 
the s tate l ands acqu i red . Acqu i s i ti on of these l ands wou l d  have some adverse 
impact on state 1 easees s i nce i t  may cause them to cu rta i l  some of thei r 
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Route Federa l 

West 
S i de 35 

Sandari o 30 

Sanda rio-
San Joaqu i n  47 

Sanders-San 
Joaqu i n  
Mod i fi cati on 35 

East S i de 34 

No Federa l 
Acti on 0 

Tab l e  37 

Estimated Acreage by Land Ownersh i p  
Tucson Aqueduct - Phase B 

Central Ari zona Project 

Land Status 

State Pri vate County I ndian  

1 , 222 712  4 214 

786 674 4 2 14 

489 3 19 4 206 

1 ,047 724 4 214 

703 902 4 206 

1 16 521 0 0 
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Total 

2 , 187 

1 , 708 

1 , 065 

2 , 024 

1 ,849 

637 



TABLE 38 
LAND OWNERSHIP - TRANSMISS ION LINE ROUTES 

Miles of land ownership categories crossed by the transmission line for each route 

ROUTE PRIVATE COUNTY STATE FEDERAL IND IA!' 

Wes t  S ide 1 7 . 9  0 . 0  9 . 2 5 . 1  0 . 5  

Sandario 15 . 8  0 . 0  10 . 0  6 . 7  0 . 0  

S andario-
San Joaquin 1 7 . 1  0 . 0  9 . 1  5 . 6  1 . 2  

Sanders-San 17 . 1  0 . 0  10 . 1  5 . 6  1 . 2  
Joaquin 
Modif icat ion 

Eas t S ide 24 . 7  0 . 7  3 . 8  1 . 0  1 . 3  
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farming and ranch i ng  operat i ons . S i nce some of the l and i s  i n  pri vate 
ownersh i p ,  acqu i s i t i on by the Federal Government wou l d  resu l t  i n  some l os s  of 
tax revenue . In add i ti on ,  the project cou l d  restri ct access  to certa i n  areas , 
thereby affecti ng property val ues . 

c .  Comparati ve Analys i s  

There i s  no substanti a l  d i fference among a l ternati ves 
regard ing  impacts on l and ownersh i p  w i th the except ion of res i dent i a l  i mpacts 
on the East S i de and No Federal Act i on P l ans as d i scu s sed above . 

d .  I nd i rect Impacts 

Construction of Phase B of the Tucson Aqueduct wou l d make 
add i t i onal  water ava i l ab l e to the Tucson area . It wou l d  a l so make poss i b l e  
the construct i on of fac i l i t i es to del i ver water to adjacent u sers . The 
ava i l ab i l i ty of add i t i onal  water to these areas cou l d  have a pos i t i ve 
i nfl uence on l and val ues . The presence of the aqueduct cou l d  restri ct access  
from rura l  res i dences , wh i ch in  turn may have some effect on  devel opment of 
the area and i t s  rea l  estate val ues . 

e .  Short and Long Term Impacts 

The only i dent i f i ed short and l ong term effects resu l t i ng 
from the acqu i s i t i on l ands i n  Phase B are the l os s  of tax revenues and pri vate 
use of 319  to 902 acres of pri vate l and . 

G .  Geol ogy 

1 .  I n troducti on 

The proposed Tucson Aqueduct-Phase B a l ternat i ves are l ocated 
near the eastern edge of the Bas i n  and Range Phys iograph i c  Prov i nce . The 
bas i n s  are broad and nearly fl at , but ri se gent ly  toward the adjacent 
mounta i ns .  Numerous e l ongate , i sol ated mounta i n  ranges composed of gran i t i c ,  
vol can i c  and metamorp h i c  rocks ( Tortol i ta and Tucson Mounta i ns ) separate the 
bas i ns (W i l son et a l , 1960 ; Damon et a l , 1968 ) . F i gu re 54 shows the proposed 
Tucson Aqueduct-Phase B a l ternat i ves i n  rel at i on to the bas i n s  and mounta i ns . 

The great th i c knesses of a l l uv i a l and l acustri ne depos i ts that 
fi l l  the bas i ns have been subjected to subs i dence by the overdraft of ground 
water du ri ng the past 55 years i n  th i s  area . Th i s  has resu l ted i n  l and 
subs i dence and earth f i ssur ing  in parts of t he reg ion . 

Ba sed on h i storical  sei smi c data , earthquake damage to the 
aqueduct i s  cons i dered to be a pos s i b i l i ty ( DuBo i s  and Smi th , 1980 ) .  Forty
five earthquakes w i th epi central i nten s i t i es of V or g reater on the Mod i f i ed 
Mercal l i  Sca l e  have been recorded s i nce 1852 wi th i n  200 m i l es of the aqueduct . 

The most  s i gn i f i cant mi nera l resource i n  the Phase B area i s  
copper .  Three l arge open p i t  copper mi nes are l ocated j u st  south of the area . 
South of R i l l i to ,  near the beg i nn i ng of the proposed a l i nement , there i s  an 
active l imestone quarry .  The Tucson Mounta i ns and the sha l l owly  bur ied 
bedrock shou l der to the west  of the mounta i n front are thought to have good 
potent ia l  for mi nera l  devel opment ( Vu i ch and Pe i rce , 1973 ) . There i s  evi dence 
of sma l l sca l e mi n i ng throughout the area . 
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Geol og i c  haza rds such as earth fi ssures , l and subs i dence , 
sei smi c i ty ,  l i quefact ion and fl ow of mi ne ta i l i ngs , and adverse so i l  
cond i ti ons  such a s  expan s i ve c l ays , l ow den s i ty so i l s ,  and d i s pers i ve cl ays 
wou l d  be fu l ly cons i dered i n  the des i gn ,  construct ion , and operati ons of the 
aqueduct . 

The short term geol og i c  impact of the aqueduct i s  pos i t i ve 
because i t  reduces the rate of overdraft of ground water .  The rate of 
occurrence of l and subs i dence and earth fi ssures , whi ch are the primary 
responses to overdraft , wou l d  d imin i s h .  

2 .  Su rface Water and Ground Water 

The Tucson Bas i n  i s  dra i ned by the Santa Cruz R i ver and i ts 
tri butari es , but the mean annual  fl ow of 10 ,000 to 20 ,000 acre-feet occurs 
mai n ly  i n  fl oods of short durati on that are too i ntermi ttent to const i tute a 
rel i ab l e water supply .  The only pl ace where streamfl ow l eaves the bas i n  i s  
a l ong the Santa Cruz R i ver at Ri l l i to .  

The Avra Val l ey i s  dra i ned by Brawl ey Wash  and i ts tri butari es . 
Al l of the fl ow i s  i ntermi ttent , and fl ow from the mounta i n  washes reaches the 
mai n  dra i nage only duri ng t imes of heavy ra i nfal l .  Brawl ey Wash  fl ows i nto 
the Santa Cruz Ri ver northwest of the Tucson Mounta i n s . 

The aqu i fer that underl i es the Tucson Basi n con s i sts of the 
Pantano Formation and Ti naja beds of Tert iary age and the Fort Lowe l l 
Formation and s urfi c i a l  depos i ts of Quaternary age ( Dav id son , 1973 ) .  These 
three u n i ts are more than 2 ,000 feet th i ck and are composed mostly of l oose to 
moderately cemented s i l ty sand to s i l ty gravel ( Davidson , 1973 ) . Depths to 
water i n  the Tucson Bas i n  range from 2 1  to 332 feet ( USGS , 198 1 ) .  Mean annual 
pumpage i ncreased from about 50 ,000 acre-feet in 1940 to about 177 ,000 
acre-feet i n  1965 ( Wh i te et a 1 , 1966 ) .  Water l evel s have decl i ned between 6 
and 3 1  feet between 1975 and 1980 ( USGS , 1981 ) .  

The ground water i n  the Tucson Bas i n  conta i ns l ess  than 500 
mi l l i grams per l i ter (mg/ l ) of d i s sol ved sol i ds to depths of greater than 
1 ,000 feet . The U . S .  Publ i c  Heal th Serv i ce ( Wh i te et a 1 , 1966 ) has set 500 
mg/ 1  as the upper l im i t  of d i s sol ved sol i ds acceptab l e  in dri n k i ng water .  I n  
the northeastern part o f  the bas i n  d i ssol ved sol i ds are genera l ly  l es s  than 
300 mg/ 1  whereas to the southwest di s so 1 ved sol i ds i ncrease to between 300 
mg/ 1 and 500 mg/ 1 . Loca l ly , concentrati ons of d i s sol ved so l i ds are as great 
as 3 ,000 mg/ 1  ( Wh i te et a 1 . ,  1966 ) . 

Other consti tuents of concern for ground water are general ly 
restri cted to certa i n  port ions of the study area . Fl uori de is  predomi nant 
a l ong the Santa Cruz R i ver nea r Sahuari ta .  Excess i ve n i trate and sul fate 
l evel s occur i n  ground water a l ong the Santa Cruz Ri ver between Cortaro and 
Jaynes and between Sahuari ta and Conti nenta l . Al so , excess i ve l evel s of TCE 
have been detected i n  ground water near the Tucson Internati onal Ai rport and 
i n  the Tucson area . Concentrations of n i trates near Marana in the Avra Val l ey 
bas i n  i s  a cont i nu i ng prob l em .  

The Avra Val l ey i s  underl a i n  by a l l uv i a l  fi l l  to depths o f  a s  
much as  2 ,000 feet ( Wh i te e t  a 1 . ,  1966 ) .  The a l l uv i a l  fi l l  i s  composed of 
i nterfi ngeri ng l ayers of c l ay ,  s i l t ,  sand , and grave l . The sands and gravel s 
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are coarse , penneab l e , and capable of stori ng and y ie l d i ng l arge amounts of 
ground water .  

Depth s to  the water tab l e  i n  the Avra Val l ey range from 140 
feet to 500 feet ( Reeter and Cady , 1981 ) .  Devel opment of i rri gat i on wel l s  i n  
the Avra Val l ey began i n  1943 w i th the dri l l i ng of s i x  wel l s .  From the end of 
Worl d War I I  to the present t ime numerous we l l s  have been dri l l ed i n  the 
val l ey .  Water l evel s have decl i ned as much as 76 feet in the northern end of 
the val l ey ( Reeter and Cady , 1981 ) .  

The ground water of the Avra Val l ey conta i ns from 195 to 851 
mg/ 1 of d i s sol ved sol i ds ( Reeter and Cady , 198 1 ) and there i s  no correl ati on 
between the amount of d i ssol ved sol i ds and depth ( Wh i te et a l . ,  1966 ) . 

The U . S .  Geol og i cal Survey and the Ari zona Department of Water 
Resources (ADWR ) have devel oped separate model s of the ground water system for 
the Tucson water supp ly .  The resu l ts from the ADWR model are ava i l ab l e  i n  
publ i shed form . 

3 .  Land Subs i dence 

Potenti a 1 for 1 and subs i dence i s  suspected i n  Phase B of the 
Tucson Aqueduct due to water- l evel decl i nes that are expected to conti nue i n  
the future .  Land subs i dence i s  the l oweri ng of the e l evati on of the l and 
surface wi th respect to sea l evel or to the surround i ng mounta i ns caused by 
the l oweri ng of ground water l evel s .  Th i s  phenomenon res u l ts from the 
compact i on of unconso l i dated sediments in bas i ns that are bounded on the s i des 
and the subsurface by rel at i vely i mpermeabl e  hard rock . Subs i dence i s  wel l 
documented e l sewhere i n  Ari zona ( Schumann and Pol and , 1970 ; Laney et a l , 
1978 ) , i n  Cal i forn i a  ( Pol and et a l . ,  1975 ) , i n  the Houston-Gal veston reg i on of 
Texas ( Gabrysch and Bonnet , 197 5 )  and e l sewhere ( Vi ets et a l . ,  1979 ) .  

The Phase B routes cross  two such bas i n s .  The West S i de Route 
and as soci ated a l ternati ves are for the most  part i n  Avra Val l ey ,  a 
topograph i c  bas i n  that corresponds to a fau l t bounded bas i n  ( see Oppenheimer 
and Sumner , 1980 ) . 

Avra Val l ey i s  bounded on the east by the Tucson and Tortol i ta 
Mounta i ns and as shown on Fi gure 55 water- l evel decl i nes have i n  p l aces 
exceeded 150 feet west  of the Tucson Mounta i ns .  Level i ng a l ong the Southern 
Paci fi c Ra i 1 road showed 2 . 1  feet of subs  i dence from 1948 to 1980 near Red 
Rock , d imi n i sh i ng to zero southeast of R i l l i to .  Al though  no recent l evel 
measu rements have been made , subs i dence has probably  taken pl ace in the areas 
of l arge dec l i ne to the south as wel l .  

The Ea st  S i de and No Federal Act i on routes cross  another 
s im i l ar comp l ex geo l og i c  bas i n  l ocated on the east s i de of the Tucson 
Mounta i ns .  Thi s bas i n  corresponds rough ly  to the topograph i c  bas i n  that 
extends southward a l ong the Santa Cruz R i ver from near the town of R i l l i to and 
conta i ns the c i ty of Tucson ( Davi dson , 1973 ) . Water- l evel dec l i nes exceedi ng 
150 feet have occurred wi th i n  th i s  bas i n  ( C i ty of Tucson , 198 1 )  as s hown on 
F igure 55 .  Max imum subs i dence from 1954 to 1980 measured by the Nat i onal 
Geodet i c  Survey was about 0 . 43 foot in an area where water- l evel decl i nes were 
greater than 100 feet , and 1979-1980 data i nd i cate subs i dence rates of 0 . 05 to 
0 . 07 foot per year .  Near the end of the Phase B a l i nements a l ong H i g hway 93 
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sub s i dence was about 0 . 3  foot , where the rate was l ess than 0 . 02 foot per year 
( Strange , 1983 , p 1 7 ) . 

Water l evel s i n  both bas i ns are expected to decl i ne further 
wh i ch wi l l  resu l t  in i ncreased sub s i dence . Experi ence has shown that the 
amount of subs i dence per un i t of water- l evel decl i ne i ncreases substant ia l ly 
after about 100 feet of decl i ne has been reached ( Schumann and Po l and , 1970 ; 
Hol zer ,  1981 ) .  Therefore , the areas wh i ch have experi enced the greatest 
water- l evel decl i nes are l i ke ly to be the areas where futu re subs i dence wi l l  
be greatest  i f  water- l eve l decl i nes conti nue . These areas are the northern 
part of Avra Va l l ey ,  centra l Tucson , and the Sahuari ta area south of Tucson . 

4 .  Ea rth F i  s sures 

Ea rth fi s sures or cracks usua l ly  form around the marg i ns of 
subs i d i ng bas i ns wh i ch have had l arge water-l eve l decl i nes and are common i n  
Ari zona ( Laney et a l . ,  1978 ) . Ea rth fi s su res have occu rred i n  the bas i ns 
crossed by the a l i nement of the Sal t-G i l a  Aqueduct and the Phase A port i on of 
the Tucson Aqueduct ( U . S .  Bureau of Recl amati on ,  1979 , and U . S .  Bureau of 
Recl amation , 1981 ) .  Because  water l evel s have decl i ned substanti a l ly  i n  the 
Phase B area , and are expected to conti nue dec l i n i ng ,  earth f i s s ures are 
l i ke ly to form there as wel l .  I nvest i gati ons  by the U. S .  B ureau of 
Recl amati on and the U . S .  Geol og i ca l  Su rvey a l ong the Sal t-G i l a  Aqueduct and 
the Phase A part of the Tucson Aqueduct i nd i cate that ea rth fi s s ures form 
where compress i b l e bas i n  sed iments th i cken abruptly over sha l l owly b uri ed rock 
ri dges or benches . F i s sures may a l so form at abru pt fac i es changes between 
compress i b l e  and i ncompress i b l e  sedi ments s uch  as  between c l ay and g ravel . 

Four earth fi s s ures have been reported i n  the Phase B area . 
They are i n  the NEiSEi NWi sect ion 20 , T .  1 2  S . , R .  1 1  E . , a l ong the north of 
secti on 3 1 ,  T .  14 S . , R .  12  L ,  a l ong Snyder H i l l  Road a l ong the north of 
secti on 2 ,  T. 15 S . , R .  1 1  L ,  and the SWi secti on 16 , T. 15 S . , R. 11 L 
These fi s s ures are i n  the v i c i n i ty of the West S i de Route . The c l osest i s  
a l ong Bopp Road about mi dway between the Sanda ri o-San Joaqu i n a 1 i nement and 
the West S i  de a l i nement , about 0 . 5  mi 1 es from each a l i nement .  The other 
reported fi s s ures are more than a mi l e  from any a l ternat i ve .  Ea rth f i s sures 
may form in other p l aces in the future . 

Subs i dence i n  the future cou l d cau se a sag i n  the canal or 
p i pel  i n e .  If l a rge enough the sag cou l d  cau se the water to fl ow over the 
cana 1 banks or  reduce the fl ow i n a p i  pe 1 i ne . Subs i dence cou l d a l so change 
the l i fts at pump i ng  p l ants . 

Earth fi s sures  cou l d  cause l eakage from the cana l or p i pel i ne 
and damage foundations  i n  pump i ng p l ants . 

Overfl ow of cana l s can be prevented by ra i s i ng  the l i n i ng .  A 
jo int  i nvest i gati on between the Bureau of Recl amati on and the U . S .  Geol og i ca l  
Survey has  undertaken stud i es to estimate the amount of  sub s i dence that wi l l  
take p l ace a l ong the a l i nements so that the cana l s and pump i ng p l ants wi l l  be 
properly des i gned and that p i pe l i nes w i l l have the proper grad i ents . 

The j o i nt i nvest i gation has a l so devel oped methods to i dent i fy 
and l ocate cond i t i ons that a l l ow the formati on of earth fi s s ures . 
Investigations u s i ng these methods wi l l  be made a l ong the sel ected a l i nement 
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so  that unfavorab l e  cond i t i ons can be avoi ded , or the l i n i ng of cana l s can be 
rei nforced or p i pel i nes re i nforced where cond i t i ons favorab l e  to the formati on 
of earth f i s s ures mu st be crossed . I n  add i t ion , the Bureau of Recl amation has 
been conduct i ng experiments wi th des i gns that wi l l  further prevent or l im i t  
damage to the aqueduct by earth fi ssures . 

5 .  Foundat ion Cond i t i ons  

Loose and ca l i che-cemented a l l uv i a l fan and  bas i n  fi l l  depos i ts 
wi l l  consti tute most of the foundati on for the proposed a l i nements . About 6 . 5  
mi l es of the proposed Ea st S i de and No Federa l Acti on a l i nements , and an as 
yet undetermi ned l ength of the proposed West  S i de a l i nement ,  wou l d  be founded 
on 1 imestone and/or vol can i c  rock .  A descri ption of surface geol ogy and 
geol og i c  un i ts i s  on F i gure 56 . 

The sediments crossed by the proposed a l i nements are typ i ca l ly 
s i l t  and c l ay fi nes and sands wi th l enses of gravel . Materi a l s change 
abruptly both verti cal ly and l ateral ly .  Auger hol es dri l l ed i n  the area 
(AP-1A-TAB through AP-32-TAB ) encountered unconso 1 i dated to ca l i che-cemented 
sandy s i l t  and s i l ty sand l oca l ly i nterbedded wi th poorly graded sand . These 
hol es were dri l l ed to a depth of 35 to 40 feet . Cl ay l ayers are a l so present .  
Where the a l i nement pas ses c l ose to  exposed bedrock , the mater ia l s conta i n  
h i gher percentages of coarse gravel , cobb l es , and bou l ders . 

Information obta i ned from the auger hol es i nd i cates that the 
foundati on materi a l s s hou l d  not present any unusual  des i gn prob l ems as far as 
gra i n  s i ze , p l asti c i ty ,  permeabi l i ty ,  strength , or s hr i nk-swel l potent ia l  i s  
concerned . The auger hol e l og s  can be obtai ned from the Ari zona Project 
Offi ce , Phoen i x ,  Ari zona . Desert soi l s  are typ i ca l ly  l ow dens i ty because 
there i s  i nsuffi c i ent moi sture to natural ly compact them . Where l ow-dens i ty 
so i l s  are encountered i t  wi l l  be necessary to over excavate or compact them . 
The compacti ng wou l d  be done by hydrau l i c and mechan i ca l  processes . H i gh ly 
expans i ve c l ays and d i spers i ve c l ays may be l oca l ly  encountered and may 
requ i re over-excavation . Preconstructi on exp l orati ons  wi l l  del i neate most 
probl em areas . If enough soi l s  are unusab l e ,  a borrow s i te for embankment 
materi a l  wi l l  be l ocated . Unu sab l e so i l  wou l d  be d i sposed of i n  the v i c i n i ty 
of the aqueduct . 

D i stu rbance of the so i l  by construct i on cou l d i ncrease soi l  
eros ion . Sel dom i s  the moi stu re content su i tabl e  to keep the so i l  from 
becomi ng a i rborne under wi ndy cond i t ions . Du ri ng constructi on , the so i l  
wi l l  be watered to reduce eros i on and m i n i mi ze du sty condi ti ons . After 
compl etion of the faci l i t ies  eros i on wou l d  be reduced by the construct i on of 
d i kes and the scari fi cat i on and recl amat ion of di stured areas . Al l of the 
pump i ng p l ant foundati on s i tes wou l d  be excavated in a l l uv i a l  materia l s except 
Twi n  Peaks . 

Approximate ly 6 . 5  mi l es of the East S i de and No Federa l Act i on 
a l i nements wou l d  be excavated i n  Cretaceous or Tert i ary vol can i c  rocks . Th i s  
wi l l  requ i re a certa i n  amount of b l ast ing . 
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6 .  Constructi on Materi al s 

In add i t ion to aggregate requ i rements , borrow sou rces may be 
needed for areas where l ow-den s i ty cohes i on1 ess soi l s  and overs i ze materi a l s 
are present . These materi a l s are present wi th i n  the a l l uv i a l  fan depos i ts 
where the a 1  i nement traverses c l ose to the base of the Tucson Mounta i ns . 
Borrow mater i a l  may be req u i red for areas where ca l i che cemented soi l s ,  
d i spers ive  or expans i ve c l ays are encountered . 

Much of the materia l  can probably  be obta i ned from borrow areas 
del i neated by i nvest i gati ons adjacent to the canal  a 1 i nements . Due to the 
presence of d i s pers i ve c l ays , borrow materia l s requ i re extens i ve test i ng to 
define nond i s pers i ve so i l s .  Some of the ri prap and rockfi 1 1  cou l d  be suppl i ed 
from rock-cut i nterva l s of cana l s  and s i phons or from l ocal  quarri es . Water 
for u se i n  construct i on can be supp1  i ed from ex i st i ng wel l s near Marana and 
Tucson or from the Santa Cruz ( USBR 1968 ) . Add i t i onal wel l s  may be needed i n  
certa i n  areas to reduce the hau l i ng d i stance , though the quant i ty o f  water 
requ i  red i s  not great enough to impact the ground water system . 
I nvest i gat ions for aggregate sou rces wou l d  be conducted prior to des i gn of the 
chosen route . Commeri c i a 1  sources of aggregate are ava i l ab l e nearby . 

7 .  Mi n i ng 

The most s i gn i fi cant mi neral resource i n  the Phase B area i s  
copper .  Three l arge open p i t  copper mi nes are l ocated j u st south of the 
southern termi nus of the a 1 i nement .  These are the P ima ,  M i s s i on ,  and 
Esperanza mi nes . There cou l d  be a confl i ct between project construction and 
future mi ne expans i on i n  th i s  area . Abandonment of the ta i l i ngs ponds 
adjacent to the mi nes cou l d  pose a ma i ntenance prob l em for the aqueduct . 
Therefore , the dec i s i on was made to p l ace the aqueduct i n  p i pe1  i ne from the 
B l ack  Mou ntai n  pump i ng p l ant to the termi nu s .  

South of Ri l l i to ,  near the beg i n n i ng of the a 1 i nement , the 
Escabrosa L imestone and the Naco Group have been qua rri ed for use i n  the 
manufactu re of cement . The Ari zona Portl and Cement Company has an act i ve 
pl ant near the quarry (Ari zona Bureau of M i nes , 1969 ) .  Th i s  pl ant i s  not 
expected to i nterfere wi th any proposed constructi on , nor wi l l  con structi on 
and ma i ntenance of the aqueduct i nterfere wi th operati on of the pl ant . 

The Tucson Mounta i ns and the sha l l owly bur ied bedrock shou l ders 
to the west  of the mounta i n  front are cons i dered to have good potenti a l  for 
mi nera l  devel opment ( V u i c h  and Pe i rce , 1973 ) . A port i on of the proposed 
West S i de a 1 i nement wou l d be l ocated above th i s  bedrock s hou l der .  I f  
commerc i a l depos i ts are d i scovered i n  the bedrock bel ow the a 1 i nement ,  the i r 
u l t imate devel opment wou l d  have to be congruent wi th the overly i ng aqueduct . 
Most  of the l and i n  the Tucson Mounta i ns i s  presently c l osed to mi nera l  entry 
because of Saguaro Nat i onal  Monument and Tucson Mounta i n  County Park wh i ch 
occupy about 80 percent of the area . The rema i nder of the Tucson Mounta i ns 
cons i sts of pri vate , state , and Bu reau of Land Management l ands .  Mi n i ng wou l d 
not be permi tted i n  the aqueduct r ight-of-way , but deve l opment of mi neral  
depos i ts adjacent to the ri ght-of-way wou l d  be poss i b l e .  

There are numerou s  sand and gravel p i t s  near the Santa Cruz 
Ri ver channel . Sand and gravel depos i ts conta i ned wi th i n  the proposed 
aqueduct ri ghts -of-way are neg l i g i b l e  when compared to the depos i ts avai l ab l e 
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i n  adjacent areas . Therefore , restri cti ng the devel opment of sand and gravel 
resources wou l d  not be a s i gn i fi cant i mpact .  

8 .  Sei smi c i ty 

The Phase B area has a l ow rate of tecton i c  acti v i ty .  Ertec 
Western ( 1982 )  states that a 5 . 5  magn i tude earthquake ( Ri chter Sca l e )  i s  
postu l ated to be capab l e  of occu rri ng anywhere wi th i n  the Phase B area but at 
a depth of more than 3 mi l es .  DuBo i s  and Smi th ( 1980 )  state that the Sonoran 
Earthquake of 1887 , wi th an i ntens i ty of V I I I  to IX  on the Mod i fi ed Merca l l i  
Sca l e ,  i s  a c l ose approx imat ion of the max imum cred i b l e  earthquake for 
Ari zona . 

There have been no deaths or i nj u ri es resu l ti ng  from recorded 
earthquakes i n  the state ( USGS , 1970 ) . The epi center of the fi rst damag i  ng 
earthquake recorded i n  Ari zona was centered i n  Sonora , Mex i co ,  i n  1887 . I t  
was recorded as hav i ng a n  i ntens i ty o f  V I I I - I X  on the Modi fi ed Mercal l i  Sca l e  
at  the epci center i n  Sonora . I n  Tucson , i t  was recorded a t  a n  i ntens i ty of 
VI I -VI I I .  The Sonoran earthquake i s  a c l ose approxi mat ion of the max imum 
cred i b l e earthquake for Ar i zona ( Dubo i s and Smi th , 1980 ) . Accori dng to 
reports , i t  cau sed con s i derb l e damage to bu i l d i ngs  but not deaths or i nj u ri es 
( Duboi s and Smi th , 1980 ) . The San Xav i er M i s s i on i n  Avra Val l ey was a l so 
damaged (Dubo i s and Smi th , 1980 ) . In many val l eys where the water tab l e was 
near the surface and u nconsol i dated a l l uv i a l  materi a l  was very th i ck , 
l i quefacti on occurred creati ng surface settl emen t ,  earthquake founta i ns , soi l 
l u rch i ng and fi ssures ( Dubo i s  and Smi th , 1980 ) .  The earthquake a l so had an 
effect on reg i onal  hydrol ogy i ncl ud i ng creati on of new spri ngs , d i sappearance 
of fonner l akes and spri ngs , and charges i n  we l l  l evel s ( Duboi s and Smi th , 
1980 ) . The ground v i brati on caused numerous rocks l i des i ncl ud i ng areas near 
Tucson and Phoen i x  ( Dubo i s  and Smi th , 1980 ) .  

There have been at l east 45 earthquakes ( exc l ud ing aftershock s )  
wi th i ntens i t i es o f  V o r  greater on the Mod i fied Mercal l i Sca l e  wi th i n  a 
200-mi l e  rad i us of the Phase B area ( Tab l e  39 . ) . However , on ly four  of these 
earthquakes have the i r epi centers wi th i n  a 100-mi l e  radi us of the area and 
none are wi th i n  50 mi l es .  The most recent earthquake l ocated in Ari zona had 
an i nten s i ty of VI and occurred in the Ch i no Val l ey ,  about 174 mi l es from the 
Phase B area . Th ree earthquakes of i ntens i ty VI I I  to X have occurred w i th i n  
200 mi l es of the s i te .  The most recent of these was approxi mately I X-X on the 
Mod i f ied Mercal l i  Scal e and centered i n  Sonora , Mex i co ,  i n  1934 . Th i s  
earthquake was recorded at i nten s i ty V i n  Tucson and i ntens i ty I V  i n  Phoen i x .  
Earthquakes of i n tens i ty V I I - I X  were recorded i n  1852 a t  Fort Yuma , on the 
Ari zona-Cal i forn i a  border ,  and i n  1887 i n  Sonora , Mex i co .  

Se i smi c hazard maps  prepared by Al germi s sen et a l . 
( 1982 ) i nd i cate that the area has a 2 percent probab i l i ty of exceedi ng a va l ue 
of 10 percent of grav i ty for hori zonta l acce l e ration on bedrock i n  a period of 
50 years . Ten percent of gravi ty i s  the l evel of accel erati on general ly  
cons i dered strong enough to  produce some degree of  damage to a weak 
construct ion . Based on th i s  i nformation , p l u s  h i stori ca l  records and 
geol og i ca l  evi dence , there i s  a pos s i b i l i ty that a damag i ng earthquake cou l d  
occur i n  the Phase B area . I f  an earthquake does occur i t  cou l d  be strong 
enough to damage some of the proposed project featu res ( DuBo i s  and Smi th , 
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TABLE 39 
EARTHQUAKES WITHIN  A 200-MILE RAD IUS OF 

PROPOSED CONSTRUCTION PROJ ECTS 
TUCSON AQUEDUCT-PHASE B 

( FROM NOAA , 1982 ) 

Appr9x i mate 
Di stance of 

Mod i f i ed Epi center from 
N .  N .  Mercal l i Construction 

Year Loca l i t� Lat. tt4:5 Intens i t� Project (Mi l e s l  m'2" Nea r Fort Yuma , AZ n- VItI-IX 195 
1887 Sonora , Mex i co 3 1  109 V I I - I X  139 
1906 Fl agstaff , AZ 35 . 2  1 1 1 . 7 V I I  194 
19 16 Eastern AZ 34 1 10 V 127 
193 1 Eastern AZ 34 1 10 . 5  V 1 1 5  
193 1 Cottonwood , AZ 35 1 12 V 182 
1934 S i l ver C i ty ,  NM 32 . 7  108 . 2  V 171  
1934 Sonora , Mex i co 3 1  1 14 I X-X 194 
1935 Wel l ton , AZ 32 . 8  1 14 . 2  V I  179 
1938 AZ-NM border 33 . 2  108 . 6  V I  150 
1941 Sonora , Mex i co 3 1  114 VI I-VI I I 194 
1945 Sonora , Mex i co 31 1 14 V I -VI I 194 
1945 Sonora , Mexi co 3 1 . 5  114 V-VI I I  173 
1949 Sonora , Mex i co 32 . 1  1 13 . 9  V 158 
1950 Southwest AZ 32 113  V 1 1 1  
1951 Southwest AZ 32 1 13 V 1 1 1  
1952 Sonora , Mex i co 3 1 . 5  113 . 6  V I -V I I I  150 
1953 Centra l  AZ 34 . 8  1 1 1  V 158 
1956 Near Se l l s  32 112  V I -VI I I  58 
1957 Sonora , Mex i co 32 1 14 V 164 
1958 Southwest AZ 32 . 5  113 . 5  V 154 
1959 Fl agstaff � AZ 35 . 2  1 1 1 . 7  V 194 
1960 Sonora , Mexi co 3 1 . 5  113  V 173 
1961 Southwest AZ 32 . 2  1 12 . 5  V 79 
1963 Southwest AZ 32 . 4  1 13 . 7  V 146 
1963 Southwest AZ 33 . 2  1 10 . 7  V 72 
1963 Sonora , Mex i co 30 . 7  1 13 . 8  V I -V I I  18 1 
1963 Sonora , Mex i co 32 1 13 . 3  V 125 
1964 Sonora , Mex i co 32 1 13 . 9  V 158 
1964 Sonora , Mexi co 31 . 8  1 14 . 1  V I -V I I  174 
1964 Sonora , Mex i co 3 1 . 8  113 . 6  V 144 
1964 Sonora , Mex i co 3 1 . 7  1 13 . 7  V 153 
1964 Sonora , Mexi co 3 1 . 6  1 14 . 1  V 1 77 
1964 Sonora , Mex i co 3 1 . 6  1 13 . 6  V 149 
1964 Sonora , Mexi co 31 . 5  1 14 . 2  V 185 
1964 Sonora , Mex i co 31 . 3  1 14 . 1  V 182 
1964 Sonora , Mex i co 3 1 . 5  113 . 7  V 158 
1964 Southwest AZ 32 . 3  1 13 . 7  V 146 
1966 Sonora , Mex i co 3 1 . 8  1 14 . 5  V I  195 
1966 Sonora , Mex i co 3 1 . 2  1 13 . 3  V I -VI  I I  142 
1969 Sonora , Mex i co 3 1 . 3  1 14 . 1 V I -VI I I  177 
1969 Near Gl ob e ,  AZ 33 . 4  1 10 . 6  V I -V I I  75 
1975 AZ-NM border 32 . 8  108 . 7  V I -V I I  142 
1976 Near Prescott , AZ 34 . 7  1 12 . 5  V I  174 

COMPARI SON OF R ICHTER-GUTENBERG AND MOD IFIED 
MERCALLI SCALES ( GUTENBERG AND RICHTER ,. 1956 ) 

Magni tude 2 3 4 5 6 7 8 8 . 5  
Inten s i ty I - I I  I I I  V V I -VI I V I  I-V I I I  I X-X X I X I I  
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1980 ) .  Hol zer ( 1979 ) theori zed that un l oadi ng of the earth ' s  cru st by removal 
of l arge amounts of g roundwater may i nduce earthquakes . 

Reports of l i quefacti on i n  southern Ari zona occurred after the 
1887 Sonoran earthquake . These reports mostly concerned the a l l uv i a l  val l eys 
trendi ng northward from the epi center .  At that t ime ,  however,  the water tab l e  
was wi th i n  a few meters o f  the surface . 

Fol l owi ng  th i s  event there were reports of rock fal l s  i n  the 
mounta i ns  as far north as Phoen i x .  Steep s l opes adj acent to the aqueduct and 
pump i ng pl ants wou l d  be exami ned to l ocate areas of potenti a l  rock fa l l s  or 
l ands l i des . However ,  th i s  i s  not expected to be a probl em i n  the v i c i n i ty of 
the Tucson Mounta i n s .  There may be potenti a l  for earthfl ows or tai l i ngs  
materi a l  in  the ta i l i ng pond near the end of the aqueduct . 

9 .  Construction Impact Analys i s  

A l though there has been 1 i tt l  e measurab l e  subs i dence i n  the 
Phase B area , port i ons  of the proposed a l i nements are in areas where future 
subs i dence i s  suspected . The affected port i ons  of the a l i nements cou l d  
requ i re spec i a l  des i gn and/or ma i ntenance to ma i nta i n  des i red gradi ents . 

I f  post-constructi on subs i dence occurred a l ong the aqueduct i t  
wou l d  l ocal ly  change t he i nvert gradient  of the canal cau s i ng l ocal  sags and 
a l l owi ng water to overfl ow .  Des i gn and construct i on practi ces have been 
devel oped i n  subs i d i ng areas to overcome the affect of sub s i dence and prevent 
overfl ow .  These , in effect , deepen the canal  ( add freeboard ) so that the 
water surface wi l l  a l ways have the des i red grad i ent , regardl ess of the 
gradient  of the canal  bottom. The operati ng water l evel s i n  the canal  in the 
areas of greatest suspected future subs i dence wou l d  be p l aced several feet 
bel ow the natu ral  ground surface .  Th i s  wou l d  prov i de for a l i ke amount of 
futu re sub s i dence . A l so , add i t i onal  freeboard i n  the form of h i gher canal  
l i n i ng can  be added to the canal wherever and whenever add i ti onal  subs i dence 
may occur .  S i nce deep subs i dence i s  a gradual  phenomenon and  dependent on  the 
amount of future g round water dec l i ne ,  the g reatest economy may be to prov i de 
freeboard for on l y  part of the max imum sub s i dence duri ng constructi on and to 
ra i se the l i n i ng l ater as needed . 

A l though there are no known earth fi ssures a l ong any of the 
proposed a l i nements there i s  some potent i a l  for future earth fi ssuri ng i n  and 
near the areas of g reatest pred icted subs i dence , such as the northern part of 
the Avra Val l ey ,  the central Tucson area and the i rr i gated l ands a l ong the 
Santa Cruz Ri ver near Sahuari ta . Deta i l ed geophys i ca l  surveys and core 
dri l l i ng wi l l  be conducted a l ong port i ons of the sel ected a l i nement that cross 
any of these areas . I f  i t  i s  determi ned that a s i gn i fi cant potent ia l  for 
futu re earth fi ssuri ng exi sts , spec i a l  cons i derati ons can be i ncorporated i nto 
the des i gn of the cana l . These wou l d  i nc l ude such measures as s pec i a l  
un i versal  jo i nts to accomodate d i fferenti a l subs i dence and vert i cal s h i ft ,  
extra re i nforcement ,  and strateg i c  l ocat i on of check structures . There wou l d  
a l so be add i t i onal  survei l l ance duri ng operati on and mai ntenance . 

No s i gn i fi cant i mpacts to geol og i ca l  resources can be 
attr ibuted to constructi on of the transmi s s i on system a l ong these routes . 
Mounta i n  soi l s  wou l d  be di sturbed a l ong the edges of the Tucson Mounta i n s .  
Eros ional  impacts wou l d  be m i t i gated so no s i gn i fi cant adverse i mpacts wou l d 
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occur .  I f  exi st i ng mi n i ng c l a ims are crossed , some mi nera l s may be 
unrecoverabl e  for the l i fe of the project . Negot i at i ons wi th each l easee 
wou l d  m i t i gate th i s  impact .  

10 . Comparat i ve Ana lys i s  of Al i nements 

Tab l e 40 shows comparat ive ana lyses for the Tucson 
Aqueduct-Phase B a l ternati ves i n  terms of s ubs i dence and earth f i s s ure 
occu rrence , mi nera l potent ia l , materi a l s ava i l ab i l i ty ,  excavat i on cond i t i ons , 
eng i neeri ng characteri st i cs , g round water probl ems and sei smi c i ty .  Those 
routes wh i ch cross areas of pred i cted futu re subs i dence and/or earth f i s suri ng 
wou l d  requ i re s pec ia l  des i gns . 

1 1 . Indi  rect Impacts 

I n i  t i  a l ly ,  the impact of the Tucson Aqueduct-Phase B water 
del i veri es on the geol og i c  cond i t i ons of the area wou l d  be pos i t i ve ,  because 
it  wou l d  substant i a l ly  reduce , or  at l east s l ow ,  the l ocal overdraft of g round 
water subs i dence and earth f i s s uri ng i n  the area . 

Wi thout CAP water importat ion , water l evel s i n  the area wou l d  
conti nue to decl i ne .  Subs i dence , resu l t i ng from overdraft , wou l d  probably 
occur and th i s  cou l d  resu l t  i n  the formation of earth fi s sures . Damage to 
wel l s  and structu res i n  subs i d i ng or f i s s ured areas wou l d  probably occur ,  and 
u rban areas near Tucson cou l d  be affected . D i rect resu l ts of water l evel 
decl i ne i nc l ude h i gher costs to pump ground water from greater depths , and 
decrease i n  water qua l i ty wi th depth . 

12 . Short Term and Long Term Impacts 

In the short term ( 10 to 15 years fo l l owi ng i n i ti a l  water 
del i very ) , del i very of water to the Tucson Aqueduct serv i ce area wou l d  
s i gn i fi cantly l essen the amount of ground water wi thdrawn from the bas i ns 
(AWC , 1978 ) and s l ow the rate of sub s i dence and earth f i s sure .  I f  the amount 
of water that is pumped from the bas i ns conti nues to i ncrease , the addi tion of 
aqueduct water wou l d  not have l ong term effect on subs i dence and earth 
fi ssur ing  i n  the Phase B area . 

Commerc i a l  mi nera l  depos i ts that mi ght be d i scovered i n  bedrock 
shou l ders beneath the proposed West S i de a l i nement cou l d  become uneconomi c to 
devel op as a resu l t  of the proposed act i on .  

H .  Cu l tu ra l  Resources 

The proposed project areas have never been sys temati ca l ly stud i ed or 
i nventoried for c u l tural resources . Because of th i s ,  Rec l amation , i n  
accordance w i th i ts Rec l amation I nstructi ons , " I denti ficat ion and 
Admi n i s trat ion of C u l tura l  Resou rces " ( Series 350 , Part 376 . 1 1 ) ,  has 
negot iated a contract for a series of s tud i es des i gned to i dent i fy cu l tural 
resou rces in the area , analyze impacts of a l ternative p l ans , and prepare a 
p l an for avo i d i ng or m i t i gati ng adverse effects of the project u pon 
s i gn i fi cant cu l tura l  resou rces . These stud i es were des i gned to mesh  w i th the 
p l ann i ng of the Tucson Aqueduct and were begun wi th the earl i est  p l anni ng 
phases . The stud i es were genera l i n  natu re ea rly in the p l anni ng process but  
became more focused and  s pec i fi c  as the  aqueduct des i gn became more deta i l ed .  
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TABLE 40 
COMPAR I SON OF ALTERNAT I VES 

West S i de Al ternati ves 
East S i de and No Federal 

Act i on Al ternati ves 

e 

------------------ Moderate sei smi c ri sk haza rd zone --------------------------

Bel ow excavation ; perched 
water may be encountered . 

I n  a l l uv i um 
prewetti ng necessary ,  l i ttl e 
spec i a l  foundat i on prepa ra t i on .  

99% common ,  1 %  roc k .  

Genera l ly bel ow excavation ; fl ood i ng of 
Santa C ruz R i ver may cause ri se i n  water 
tab l e ;  perched water may be encountered . 

I n  a l l uv i um .  
prewett i ng necessary ,  l i ttl e spec i a l  
founda t i on prepa ration . I n  rock ; 
sui table  backfi l l  wi l l  be needed . 

75% common , 25% rock 

--------------- Obta i ned from requ i red excava t i on and s i de . - - - - - - - - - - - - - - - - - - 
borrows wi th i n  right-of-way 

Ava i l ab l e  from nea rby requi red 
excava t i on .  

Borrow pi ts must be l oca ted 

Commerc i a l  sou rces l oca ted wi thi n  Adequate commerc i a l  SQurces nea rby 
twenty mi l e s .  New sources may be 
developed . 

Moderate 

Moderate to h i gh l i kel i hood 

Moderate to h i gh l i kel i hood 

Low 

Low to moderate l i kel i hood 

Low to modera te l i kel i hood 



Recl amati on emp l oys a tri part i te h i erachy of data col l ection and 
i nterpretati on .  The fi rst phase of s tudy i s  compl ete . I t  cons i sted of C l ass  
I ( overv i ew )  i nventori es of about 1 , 666 square mi l es ( F i gure 57)  encompass i ng 
the enti re Tucson Aqueduct Phase A and B project areas ( Westfa l l 1979 ; 
McCarthy and S i res 1981 ) .  These studies summarized and eva l uated prev i ous  
research i n  the  area and devel oped a model of  cu l tural  resource sens i ti v i ty 
zones for i n i ti a l eva l uati on of a l ternati ve aqueduct a l i nements . 

The second phase of study i s  a Cl ass  I I  ( sampl e )  survey . I n  th i s  
case , a l a rge enough  survey sampl e ( about 18 percent )  was a l ready present i n  
exi st i ng data fi l es wi th i n  a more refi ned project area of about 392 square 
mi l es to precl ude the need for addi t ional fie l d su rvey . I n stead , we opted for 
an i ndepth revi ew of current data wi th i n  the study area rather than co l l ect i on 
of new data wh i ch wou l d  l i ke ly dupl i cate the exi st i ng data base . Th i s  second 
phase of study has been compl eted ( Czapl i cki  and Mayberry 1983 ) . The major 
goa l s of the study were to assess the resou rce potent i a l  and to rank  the 
a l ternat i ves from l east to most severe impact . Over 300 cu l tural resou rces 
had been i dent if i ed wi th i n  the study area . Resu l ts from other nearby non-CAP 
su rveys a l l owed us to devel op add i t i onal model s of s i te den s i ty and 
sens i ti v i ty from wh i ch our earl i est estimates of impacts and mi ti gati on were 
der i ved . 

The th i rd s tudy phase i s  a C l ass  I I I  survey wh i ch cons i sts of an 
i nten s i ve on-the-g round exami nation of a l l a reas to be affected by the 
project . C l ass  I I I  surveys are des i gned to : i )  i nventory a l l cu l tural 
resou rces wi th i n  the project area ; i i )  eval uate the s i gn i fi cance of the 
cul tura l  resou rces that may be affected ; and i i i )  prov ide i nformation for 
devel op i ng pl ans to avoid ,  mi nimi ze , or  mi t i gate adverse effects upon 
s i gn i fi cant cu l tural resou rces d i scovered w i th i n  the areas of d i rect impact .  
A C l ass  I I I  survey has been compl eted for the  proposed West S i de route . 

A separate s tudy of the secondary impacts resu l t i ng from del i very 
and use of water by mun i c i pa l  and i ndu stria l  ent i t i es has a l so been comp l eted 
( Dames & Moore 1979 ) .  Al though the f i na l  a l l ocati on of water to be del i vered 
through the Tucson Aqueduct - Phase B has not been made , th i s  study u ses the 
current est imates to predi ct the rel at i ve l evel of potent ia l  impacts upon 
cu l tural  resou rces that cou l d  resu l t from the construction of del i very systems 
as we l l  as from projected changes i n  l and use attri butab l e  to the del i very of 
CAP water .  

The comp l eted and ongo i ng stud ies wi l l  provi de documentat ion for 
consu l tati on wi th the Ari zona State H i stori c Preservati on Offi cer ,  the Keeper 
of the Nati onal  Reg i ster of H i stori c P l aces , the Adv i sory Counc i l  on H i stori c  
Preservat ion , and other i nterested l oca l groups as sti pu l ated i n  the Nat ional  
H i stori c Preservat ion Act of 1966 , as amended in 1980 . These consu l tat ions 
have been i n i t i ated under prov i s i ons of a Programmat i c  Memorandum of Agreement 
s i gned between Recl amation and the ACHP and Ari zona SHPO . These consu l tat ions 
wi l l  be pursued to i nsure that the Tucson Aqueduct surveys and the 
avo i dance/mi t i gati on pl ans are adequate and appropri ate . 

After the f ina l  env i ronmenta l statement i s  prepared and construct ion 
of Phase B i s  authori zed , the avoidance/mi t i gation pl an wi l l  be i mpl emented . 
Nonreimbursab l e fund i ng wi l l  be made ava i l ab l e i n  accordance wi th the 
H i stori cal and Archeol og i ca l  Data Preservation Act of 1974 (88 Stat.  174 ) . 
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1 .  Descri pt ion of Ex i st i ng Cu l tural Resources 

Al though prev i ous cu l tural  resource surveys i n  the study area 
are l imi ted , they do i nd i cate that numerous types of archeol og i cal and 
h i storica l  s i tes are present and that they vary cons i derab ly  i n  compos i t i on 
and d i stributi on . Current i nformation i nd i cates the area has been occup ied 
s i nce about 10 ,000 B . C . , however ,  most  of the preh i stori c  archeol og i cal  s i tes 
date to the Hohokam era wh i ch l asted from about 300 B . C .  to A . D .  1450 . The 
h i stori c record of occupat ion wi th i n  the study area suggests that s i tes dati ng 
from the Span i s h  Co l on i a l  (A . D .  1692-182 1 ) ,  Mexi can ( 1821 -1853 ) and American 
( 1853 - ca . 1930 ) eras are present i nc l udi ng mi s s i ons , mi nes , battl e s i tes , 
forts , ranches , homesteads , v i l l ages , and travel routes ( roads and ra i l roads ) .  

The C l ass  I survey i dentif ied 539 preh i s toric  and h i s tori c  
archeol og i ca l  s i tes recorded w i th i n  the 1666 square mi l e  study area . Of these 
17 are currently l i sted on the National Reg i ster of H i storic  Pl aces (Tab l e  
41 ) .  Two other s i tes are l i sted o n  the Ari zona State Reg i ster and an 
add i ti ona l 26 are l i sted on the State I nventory .  Al though  a s i gn i fi cant 
port ion of the study area has been su rveyed for cu l tu ral  resou rces the total 
number of s i tes present and , more important ly , s i te den s i t ies are undoubted ly  
much h i gher .  

For the Phase B C l as s  I I  s urvey a 392 square mi l e  area was 
defi ned as the survey area ( Czap l i c k i  and Mayberry 1983 ) .  Of that tota l , 
approx imate ly  18 percent , or 7 1  square mi l es ,  had been prev iou s ly  i nten s i ve ly  
surveyed for other various non-CAP projects . Therefore , it  was deci ded to 
concentrate the C l ass  I I  study on an i n-depth rev iew of the exi s t i ng data base 
rather than survey a random samp l e  of the area wi th l i ttl e hope of enhanc i ng 
the eXi st ing  data base . I n  add i ti on , usefu l predict i ve resu l ts were ava i l ab l e  
from nearby C l ass  I I I  surveys for the Tucson Aqueduct - Phase A ( Czapl i ck i  
1984 ) , Vekol Wa sh ( Marmadu ke and Bostwick  1 982 ) ,  A k  C h i n  ( Marmadu ke et  a l . ,  
1983 ) and Chu i Chu ( Marmaduke and Rob i nson 1983 ) Projects . S i te dens i ti es for 
these su rveys range from 4 . 7  s i tes per square mi l e  for the Ak C h i n  su rvey to 
over 14 s i tes per square mi l e  for the Vekol Wash  survey ; th i s  provi des a 
col l ect i ve average of 6 . 1  s i tes per square mi l e .  These resu l ts suggest that 
about 2 , 400 s i tes cou l d  be l ocated wi th i n  the 392 square mi l e  study area . 
These fi gures were used for compari son duri ng p l an formu l at ion .  

The C l ass  I I I  su rvey i denti fied 33 preh i stori c archaeol og i ca l  
s i tes wi th i n  the proposed West S i de a l ternati ve impact zone . One s i te has 
been destroyed by farming act i v i ty ;  the rema i n i ng 32 s i tes are defi ned by s i te 
type on Tab l e  42 . 

Actua l s i te den s i ty for the West Si de p l an impact area ( 5 , 189 
acres ) i s  about 4 . 2  s i tes per square mi l e ,  a fi gu re somewhat l ower than 
expected . 

2 .  Construct ion Impact Analys i s 

Potenti a l  impacts upon cu l tura l  resou rces from the proposed 
construct i on of Phase B of the Tucson Aqueduct wou l d  be both d i rect and 
i ndi rect . Both types of impacts wou l d be adverse to the extent that 
s i gn i fi cant , i ntact s i tes are destroyed or a l tered . 
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P reh i s tori c 
Hi stori c 

Tabl e 41  

Number of Prope rti es L i sted 

National  Reg i s ter of Hi stori c P l aces 

Wi th i n  The Tucson Aqueduct - Phase B 

C l ass  I Su rvey Study Area 

S i te D i strict Mu l ti pl e Resource D i s tri ct 

12 
1 
3 1 

1 1 1  



Table 42 
SUMMARY LISTING OF TUCSON AQUEDUCT - PHASE B ARCHAEOLOGICAL SITES 

WEST S IDE PLAN 
Site Type D"ate Area Location Predicted 

(Acres 2 �Reach) Im2acts 

Rohokam Villases 

AZ AA: 12 : 384 Late Colonial 45 4 maj or direct 
(Fut Times ) Hohokam 

AA: 16 : 94 Late Colonial 51  5 maj or direct 
(Water World) Hohokam 

Hohokaa Farastead/ 
Fi.ldhous.s 

AA: 16 : 97 Late Colonial 10 5 maj or direct 
Hohou. 

AA: 1 6 : 104 Sedentary Hohokam <1 6 maj or direct 
AA : 16 : 161 Sedentary Hohokam <1 5 maj or direct 

LiJlited Activ1tt 
(Hohokaa) 

AA: 12 : 484 Pioneer Hohokam <1 4 minor flooding 
AA: 1 2 : 125 Sedentary Hohokam 8 4 maj or direc t 
AA: 16 : 129 Sedentary Hohokam 5 6 minor flooding 
AA: 1 1 : 29 Cludc Hohok .. 2 4 maj or direct 
AA: 12 : 465 Cludc Hohokam < 1  4 maj or direct 
AA: 12: 482 Cludc Hohokam 2 4 maj or direct 
AA: 1 6 : 150 Cludc Rohokam <1 6 maj or direct 
AA: 16: 162 Clusic Rohok .. 1 5 maj or direct 

LiJlited ActivitI 
(Sobaipuri) 

AA: 1 1 : 26 Protohistoric Sobaipuri 25 4 maj or 'direct 
AA: 16: 159 Protohistoric Sobaipuri <1 5 maj or direct 

LiJlited ActivitI 
(Unknown) 

AA: 12 : 383 ? 3 4 minor flooding 
AA: 12 : 385 . ? � 1  4 maj or direct 
AA: 1 2 : 4S2 ? <1  4 maj or direct 
AA: 12 : 456 ? " I  4 maj or direct 
AA: 1 2 : 457 ? 2 4 maj or direct 
AA: 12: 458 ? <1  4 minor flooding 
AA: 1 2 : 483 ? < 1  4 .inor flooding 
AA: 12 : 485 ? 1 4 minor flooding 
AA: 16 : 148 ? ( 1  6 maj or direct 
AA: 16: 158 ? 2 5 maj or direct 
AA: 16 : 160 ? 2 5 maj or direc t 
AA: 16: 163 ? 1 5 .inor flooding 
AA: 16 : 16S ? < 1  5 maj or direct 

Quarry 

AA: 16 : 95 ? 2 5 maj or direct 
AA: 16 : 96 ? 1 5 maj or direct 
AA: 16 : 157 ? 5 5 maj or direct 
AA: 16 : 175 ? 2 5 maj or direct 
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D i rect i mpact wou l d  res u l t from actua l construct i on act i vi t i es .  
S i tes ly i ng at pump ing  pl ant l ocat ions and wi th i n  the path of open canal s and 
p i pel i nes wou l d  be part ia l ly  or comp l etely destroyed ; the only d i fference i n  
the extent of impacts wou l d  stem from the fact that p i pel i ne corri dors wou l d 
be narrower than cana l corri dors and thus may destroy smal l er areas of 
spec i fi c  s i tes . Another type of d i rect i mpact wou l d resu l t from the i ncreased 
fl oodi ng that wou l d  occur  to any s i tes l ocated wi th i n  detenti on bas i ns beh i nd 
the d i kes that wou l d  have to be constructed to prevent fl ood damage to 
open-cana l segments . S i tes s i tuated on the l ow end of such detent i on bas i ns 
cou l d  be s ubstant i a l ly  affected , wh i l e  s i tes l ocated at h i gher e l evations 
wou l d  be i nundated only i nfrequentl y  and , therefore , mi n ima l ly  affected . 
S i nce the detenti on bas i ns  wou l d  be fenced , the s i tes l ocated near the upper 
ends mi ght , i n  fact , be more protected than under current cond i t i ons . 

Two major types of secondary impacts are pos s i b l e .  Damage to 
archeol og i ca l  and h i stori ca l s i tes cou l d  resu l t  from i nadvertent recreational  
act i v i t ies or i ntenti onal vanda l i sm as the resu l t of construct i on of new 
access roads i nto currently remote areas . Another type of seconda ry impact 
wou l d  resu l t  from the use of water del i vered through the system . Enti t i es 
rece iv i ng a l l ocati ons wou l d  have to construct del i very systems , and any s i tes 
wi th i n  the path of s uch constructi on wou l d  be adversely affected . Secondary 
adverse effects res u l t i ng from these types of terra i n -modi fyi ng act i v i t ies  
wi l l  be  mi t i gated on ly  if  Federa l funds are used or Federa l l i cences are 
requ i red for any of th i s  devel opment .  ( Impact on I nd ian  l a nds wi l l  be 
cons i dered by separate env i ronmenta l analyses . )  

Transmi s s i on l i ne constructi on wi l l  a l so cau se both d i rect 
and i nd i rect impacts to cu l tural resources . They can be e i ther phys i cal  or 
v i s ual  i n  nature . Di rect phys i ca l  i mpacts occur i f  the context of the 
resou rce i s  d i sturbed by construct ion acti vi t i es . D i rect v i sual  i mpacts from 
transmi s s i on l i nes obscure a resource ' s  rel ati ons h i p  wi th i ts surround i ngs . 
S i tes wi th notab l e  arch i tectural  val ue are most  su scept i b l e  to v i sua l  
i ntru s i ons . The constructi on and operat ion of transm i s s i on l i nes can a l so 
impact cu l tural  resources i nd i rectly by creat ing new publ i c  access to areas 
conta i n i ng archaeol og i cal  s i tes . 

Contrary to the s i tuati on posed by many other types of 
devel opment ,  avo i d i ng d i rect i mpacts to some cu l tural  resources i s  a v i ab l e  
a l ternat i ve wi th i n  the p l anni ng and des i gn of a transm i s s ion  l i ne .  After 
a l ternat ive corri dors have been eval uated for rel at i ve magni tude of effects ,  
des i gn modi f i cat ions can be made whi ch fac i l i tate avo i dance pr ior to and 
du ri ng fi nal  constructi on of the l i ne . There i s  su i tabl e ex i st i ng acces s 
a l ong a l l of the a l ternat i ves . The threat of damage from off-raod veh i cl es 
shou l d  not change from cu rrent status as a res u l t of th i s  devel opment . 

3 .  Comparat i ve Analys i s  of Al i nements 

The Tucson Aqueduct Cl ass  I survey (Westfa l l 1979 ) and 
suppl emental C l ass  I s urvey (McCa rthy and S i res 1981 ) pred i cted that the 
dens i ty of archeol og i ca l  s i tes wou l d  vary i n  accordance wi th natura l  
vegetation zones . The Tucson Aqueduct-Phase A C l ass I I  survey tested th i s  
model and found that there are no stat i s t i ca l ly  s i gn i fi cant di fferences among 
s i te dens i ti es w i th i n  vegetat ion zones ( McCarthy 1982 ) .  I n  other words , s i te 
dens i ti es are cons i s tent for th i s  part of Ari zona and the Phase B study area . 
Impact predi ct i ons for each of the a l ternati ves are based d i rectly on the 
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acreage that wou l d  be di sturbed by each p l an .  A comparat i ve analys i s  of the 
al ternat i ve a l i nements i s  presented in Tab l e 43 . 

Res u l ts of the C l ass  I I I  survey for the proposed West S i de Pl an 
i ndi cate that 32 preh i stori c archaeol og i ca l  s i tes wou l d  be affected ( see Tab l e  
44 ) .  Impacts cau sed by the other west  s i de constructi on scenarios are 
estimates , a l though  l arge porti ons of these a l ternati ves coi nc ide wi th the 
proposed p l an , and thus have been i ntens i vely surveyed for cu l tural resources . 
S i te types range from l arge Hohokam v i l l ages to much sma l l er and more common 
temporary camps . No s i gn i fi cant h i stori c s i tes were i dent i f ied by the C l ass  
I I I  survey ;  h i stori c s i tes wh i ch may be affected by the other a l ternati ves 
wou l d  probably  date from the tu rn of the centu ry or l ater and wou l d  be rel ated 
to ranch i ng ,  farmi ng , mi n i ng or transportati on acti v i t i es . None of the s i tes 
l i sted on the Nat i ona l or State Regi sters wou l d  be affected by any of the 
proposed p l an s . Impacts to cu l tu ra l  resources by a No Federal Act i on p l an 
s hou l d  be l ower than those cau sed by any of the proposed acti on a l ternati ves . 
Area l impacts are estimated to be l es s  than 1300 acres and the compar i son 
shown on Tabl e  43 shows an estimated 12 s i tes wi l l  be i mpacted by the No 
Federa l Acti on P l an .  Only two archaeol og i ca l  s i tes are known to occur wi th i n  
that impact area . 

4 .  Indi rect Impacts 

The extent of secondary i mpacts i s  much more d i ff icu l t  to 
esti mate , because there i s  no estimate of the amount of terra i n that wou l d  be 
d i stu rbed by such impacts . Therefore , the l evel of secondary impacts can be 
rated onl y  i n  rel at i ve terms . The l evel of secondary i mpacts i s  not expected 
to vary s i gn if i cantly among the a l ternati ve routes . 

Constructi on of new access  roads i nto cu rrentl y  remote areas 
has the potenti a l  for i ncreas i ng i mpacts in the form of i ncreased damage to 
archeol og i ca 1 and h i stori ca 1 s i tes through i nadvertent recreat ional  acti v i ty 
or i ntenti onal vanda l i sm .  However ,  the areas traversed by a l l the a l i nements 
are currently access i b l e  by numerous roads and tra i l s ,  and constructi on a l ong 
any a l ternati ve route wou l d  not s i gn i fi cantly i ncrease access .  Therefore ,  
these types of secondary impacts upon archeol og i ca l  and h i stori ca l  s i tes are 
predi cted to be l ow .  

The impacts due to construct i on of del i very systems to water 
users i n  the Phase B servi ce area are expected to be rel ati vely l ow i n  areas 
where the d i stri but i on routes are l ocated on agri cu l tura l  or other devel oped 
l ands . However ,  where di str i but i on systems cross  natural desert areas , 
effects on cu l tura l  resources wou l d be much more severe . 

Potent ia l  secondary adverse i mpacts wi l l  be m i t i gated only i f  
Federa l funds are u sed or Federa l l i censes are requ i red for any of th i s  
devel opment .  I t  i s  anti c i pated that there wi l l  be substant ia l  Federal 
i nvol vement i n  the constructi on of del i very systems . Our commi tment to 
mi t i  gate impacts to cu l  tura 1 resources resu l  t i  ng from construct ion of the 
d i stribut ion systems has been addressed in the Water Al l ocat ions  and Water 
Servi ce Contract i ng E I S  ( 1982 ) .  Bri efl y ,  Recl amati on wi l l  i nsure that i mpacts 
are dea l t wi th through  avoi dance or mi t i gati on as  i s  appropriate . 
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Tab l e  43 
Compa ri son of Project D i rected Impacts Upon 
Cul tura l  Resources Tucson Aqueduct - Phase B 

Centra l  Ari zona Proj ect 

D i rect Construction Detent i on Bas i ns Tota l Actua l 
Ac reage Es timated Ac reage Estimated Ac reage-- E s t i ma ted No . of 

Route 

Wes t  S i de 

Sandari o Road 

Sanda r i o  -
San Joaqu i n  

Sanders-San 
Joaqu i n  
Modi f i c a t i on 

Ea st S i de 

No Federa l 
Act i on 

Regu i red 

1860 
1493 

973 

1400 
1620 
783 

No . of s i tes 

18 ± 6 
14 ± 5 

9 ± 3 

13 ± 4 
15 ± 5 
7 ± 3 

Regu i red 

3329 
2372 

1638 

2478 
2730 
480 

No . of s i tes 

32 ± 1 1  
2 3  ± 8 

16 ± 6 

24 ± 9 
26 ± 9 
5 ± 2 

Regu i red !! No. of s i tes 

5189 
3865 

26 1 1  

3878 
4350 
1263 

50 ± 17  
37 ± 13 

25 ± 9 

37 ± 13 
41  ± 14 
12 ± 4 

1/ Severa l C l a s s  I I I  surveys conducted i n  the v i c i ni ty of the Tuc son Aqueduct - Pha se B i nd i cate a s i te dens i ty 
of 6 . 1  s i tes per square mi ·' e .  Thi s '  fi gure represents a fa i rl y  accu ra te stati s t i ca l  es t i mate and shou l d  be v i ewed 
i n  tha t  l i ght . The actual s i te dens i ty cou l d  range from 4 . 0  to 8 . 2  s i tes per square mi l e  ( ±  2 . 1  s i tes per square 
mi l e )  at a 90 percent confi dence i nterva l . 

!! These estimates do not i nc l ude est i mates for aggregate sou rces , hau l  and access roads ,  construct i on stag i ng 
a rea s , or transmi s s i on l i ne ri ght-of-ways wh i ch may requ i re some add i ti onal acreage . 
'jj Ba sed on C l a s s  I I I  survey . 
if Ba sed on comb i na t i on of C l a s s  I I  and I I I  surveys . 

EJ Ba sed on C l a s s  I I  su rvey .  

e e e 

S i tes 

32 'jj I 

24 ·iI 

10 if 

26 .1/ 
7 �./ 
2 EJ 
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Tabl e  44 
Si tes Recorded by the Tucson Aqueduct - Phase B C l a s s  I I I  Survey Wi th i n  Proposed Al ternat i ves 

Sandari o- Sanders -
East S i de !I No 

S i te No, S i te Type West S i de San Joaqu i n  Sandar i o  San Joaqu i n  Federa l Act i on 

AZ AA: 1 2 : 384 Hohokam V i l l  age x x x 
16 : 94 Hohokam V i l l age x x x 
16 : 97· Hohokam Fanmstead/ F i el dhouse x x 
16 : 98 Hohokam Fiel dhouse/Fanmstead x 
16 :  104 Hohokam Fa nmstead/ F i el dhouse x x x x x 
16 : 161 Hohokam Fanmstead/ F i e l dhouse x x x 
1 2 : 484 Hohokam l i m i ted Act i v i ty x x 
12 : 125 Hohokam l i m i ted Acti v i ty x x x x 
16 : 129 Hohokam l i m i ted Act i v i ty x x x x x 
1 1 : 29 Hohokam l i mi ted Act i v i ty x x 
12 : 465 Hohokam l i mi ted Act i v i ty x x 
12 : 482 Hohokam l i mi ted Act i v i ty x x x 
16 : 150 Hohokam l i mi ted Act i v i ty x x x x x 

...... 16 : 162 Hohokam l i mi ted Act i v i ty x x x ...... 0\ 1 1 : 26 Soba i puri limi ted Act i v i ty x x 
16 : 159 Soba i puri limi ted Act i v i ty x x x 
12 :'383 Undated l i mi ted Act i v i ty x x 
12 : 385 Undated l imi ted Act i v i ty x x x x 
1 2 : 452 Undated l i m i ted Act i v i ty x 
1 2 : 456 Undated limited Act i v i ty x x x x 
1 2 : 457 Undated l i m i ted Act i v i ty x x x x 
1 2 : 458 Undated l i mi ted Act i v i ty x x x x 
1 2 : 483 Undated limi ted Act i v i ty x x 
12 : 485 Undated limi ted Act i v i ty x x 
16 : 148 Undated l i m i ted Act i v i ty x x x x x 
16 : 158 Undated l i mi ted Acti v i ty x x x 
16 : 160 Undated l i mi ted Act i v i ty x x x 
16 : 163 Undated l i m i ted Act i v i ty x x x 
16 : 165 Undated l i mi ted Act i v i ty x x x 
16 : 95 Qua rry x x 
16 :96 Quarry x x 
16 : 157 Quarry x x 
16 : 175 Quarry x x 

Tota l 32 10 24 26 4 0 



5 .  Duration of Impacts 

Cu l tural  resou rces are nonrenewab l e  and , even i f  they are 
studi ed pr ior to d i s turbance and destruction , the l oss  of s i tes represents an 
i rretri evab l e  data set . Data recovery studies  are ab l e  to mi t i gate th i s  l oss 
only to the extent of cu rrent research capab i l i t i es .  G i ven the natu re of the 
resou rces to be affected and the pred icted l evel of d i rect impact upon the 
reg i onal resource base , i t  i s  pos s i b l e that a program of data recovery cou l d 
compensate for the destruct i on of s i tes to the extent that the l oss  may be 
cl a ss i fied as acceptab l e .  Secondary i mpacts are much l ess  eas i ly quant i fi ed 
and wou l d  certa i nly contri bute to the ongo i ng attri t i on of the cu l tural 
resou rce data base of the project area . 

I .  Recreat ion 

1 .  Descript ion of Exi st i ng Cond i ti ons 

Cu rrent recreati on acti v i t i es i n  the Tucson Aqueduct-Phase B 
study area are concentrated i n  the Tucson area . Wi th i n  the urban sett i ng  of 
Tucson , outdoor recreat i on acti v i t i es are primari  1y centered around 
ne ighborhood parks , school s ,  c i ty parks , and county parks . On the outs k i rts 
of Tucson a vari ety of d i s persed act i v i t i es take p l ace . D i spersed recreat ion 
i n  the form of h i k i ng ,  nature study ,  s i ghtsee i ng ,  and horseback ri d i ng are 
promi nent i n  areas such as the Saguaro Nat i onal  Monument and the Tucson 
Mounta i n  Park ( TMP ) . In add i ti on to d i spersed recreat ion , wh i ch usua l ly 
requ i res l i ttl e or no fac i l i ty devel opment ,  both the TMP and the Saguaro 
National  Monument have devel oped areas such  as campgrounds , p i c n i c  areas , and 
a variety of other recreationa l areas . 

Est imates of exi st i ng recreati on acti v i ty part i c i pation i n  the 
study area are not ava i l abl e from the l ocal l and management agenc ies , however 
the 1977 Arizona Statewi de Comprehens i ve Outdoor Recreati on P l an ( SCaRP ) and 
the 1983 Ari zona SCaRP Update prepared by the Ari zona Outdoor Recreati on 
Coord i nati ng Corruni s s i on i denti fy those recreati onal act i v i t ies wh i c h  are i n  
demand and are fac i l i ty/area defi c ient .  Both documents i dent ify a vari ety of 
tra i l  acti v i t i es , such as b i cycl i ng ,  h i k i ng , horseback ri d i ng ,  and p l eas ure 
wal k i ng/runn i ng ,  wh i ch are ranked h i gh i n  the need for fac i l i ty and area 
devel opment and u se .  In add i t ion ,  nature study areas , open space acti v i ti es , 
and camp i ng  fac i l i ti es were al so determi ned to be i n  h i gh demand . 

I n  add i t ion recreati on probl ems i denti f ied for P ima County by 
the 1977 SCaRP are encroachment of devel opmen t ,  apathy , and l ack  of fundi ng . 

2 .  Construct ion Impact Ana lys i s  

The primary i mpacts of project construct i on on current 
recreat i onal use cou l d  be that of the i nconven i ence of rerout i ng tra i l  access  
to aqueduct cross i ngs , part i cu l arly in  the Av ra Val l ey area . Based on  general  
a1 i nement maps i t  may appear that certa i n  a 1 i nements mi ght provi de add i t i onal 
access i nto the Saguaro Nati onal  Monument and Tucson Mounta i n  Park . However ,  
ex i st i ng roads and the open desert area cu rrently prov i de suffi c i ent access . 
Cu rrently the O&M roads a l ong the CAP open aqueduct are not ava i l ab l e  for 
pub l i c  use . A mu l t i -use tra i l i s  be i ng des i gned for the ups l ope s i de of the 
CAP ri ght-of-way . The devel opment of th i s  tra i l i s  be i ng coord i nated w i th the 
P ima County Parks and Recreati on Department ( PCPRD )  and i s  conti ngent u pon a 
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l ocal  mun i c i pa l  agency , such as PCPRD , enteri ng i n to a Land Use Agreement wi th 
Rec l amati on and agreei ng to manage the tra i l .  W i thout the constructi on of the 
Tucson Aqueduct ,  recreat ional  patterns w i l l conti nue as they currently exi st 
unti l devel opment l imi ts or excl udes open desert access and users revert to 
publ i c  roads or tra i l s  for access to the Tucson Mounta i n  Park and Saguaro 
Nati ona l Monument areas . 

Assumi ng that Phase B of the Tucson Aqueduct i s  constructed , i t  
i s  ant i c i pated that some l evel of recreat i onal  use impact wi l l  resu l t .  Th i s  
impact i s  anti c i pated to be i n  the form of access i nconven i ence and the 
severi ty of the i mpact wi l l  be determi ned l argely by the route sel ected and 
l ength of construction t ime .  Open canal porti ons w i l l  requ i re permanent 
cross i ngs at  a l l access road and tra i l  i ntersect i ons , wh i l e  canal  porti ons i n  
p i pe wi l l  requ i re aqueduct cross i ngs primari l y  duri ng cons truction . 

M i t i gati ve measu res to a l l ev i ate the potent ia l  reduced 
recreati ona l access wi l l  i nc l ude the prov i s i on of aqueduct cros s i ngs wherever 
aqueduct a l i nements and access roads or tra i l s  i ntersect .  For those portions 
of the a l i nement i n  p i pe ,  these cros s i ngs wou l d  be needed primari l y  during  the 
project constructi on .  

3 .  Comparat i ve Ana lys i s  o f  Al i nements 

Va rious l ocal agenc i es have expressed i nterest in the 
recreation potent ia l  a l ong the Tucson Aqueduct . The recreation potenti a l  i s  
i n  the form of a mu l ti -purpose tra i l  a l ong the enti re l ength of the CAP and 
potenti a l  day-use fac i l i t i es and areas i n  fl ood detent ion bas i ns on the 
ups l ope s i de of open canal  portions . The estab l i shment of the proposed CAP 
tra i l  i s  bei ng coord i nated by Recl amation and the Arizona H i k i ng and 
Equestr ian Commi ttee . The potent ia l  for day-use  devel opment in the fl ood 
detent i on bas i n s , a l ong open canal port ions , i s  l a rgel y dependent upon a 
wi l l i ngness of l ocal mun i c i pal  agenci es bei ng wi l l i ng to manage these areas . 

The rel ati ve des i rab i l i ty of the vari ous 
recreational  devel opment  is based on severa l factors . These 
cu rrent and future management of the 1 and adjacent to the 
aqueduct ( open versu s  c l osed ) , d i vers i ty of the terra i n , 
scenery ,  and opportun i ty for conti nuous tra i l segments . 

a l i nements for 
factors are the 
cana 1 ,  type of 
qual i ty of the 

Potent ia l  recreati on opportun i t i es for the No Federal Act ion 
P l  an wou l  d be tota l ly dependent upon the 1 oca 1 agency i nterests who mi ght 
sel ect to extend the CAP aqueduct from the end of Phase A to a water treatment 
p l ant . It  i s  anti c i pated that the recreati on opportun i t i es ava i l ab l e  wi th 
th i s  a l ternat i ve wi l l  be of a l ow to moderate l evel . Th i s  i s  based primari l y  
o n  the number of mi l es and l ocation o f  open canal , wh i ch cou l d prov i de tra i l  
recreation opportun i t i es and rel ated d i spersed acti v i t i es . The port i on of 
aqueduct i n  p i pe ,  between 1 -10 and the treatment pl ant , may not be ava i l ab l e  
for recreat ion uses i f  i t  i s  pl aced under o r  adjacent to road ri ght-of-ways , 
wh i ch i s  l i ke ly .  

However ,  shou l d  the l ocal  i nterests fund i ng th i s  a l ternat i ve 
choose , the aqueduct a l i nement coul d  provi de a moderate l evel of recreati on 
shou l d  l ands be acqu i red , devel oped , and managed for tra i l -rel ated recreation 
act i v i ti es .  I t  i s  probab ly  more l i ke ly that on ly  port i ons of the a l i nement 
wou l d  be ava i l ab l e  for publ i c  recreati on use wh i ch wou l d  resu l t in a l ow l evel 
of recreation opportun i t i es .  

1 18 



Us i ng  these factors , the rel at i ve des i rabi l i ty for recreational 
devel opment a l ong the a l i nements i s  d i sp l ayed be l ow :  

P l an 
West S i de 

Sandari o
San Joaqu i n  

Sandario  

Sanders -San 
Joaqu i n  Modi fication 

East S i de 

No Federal Act i on 

4 .  I nd i rect Impacts 

Potenti a l  
Good 

Moderate 

Moderate 

Moderate 

Low to None 

Low to Moderate 

Construct ion of Phase B of the Tucson Aqueduct wi l l  not 
s i gn i fi cantly change the current recreation trends or future-u se patterns that 
wou l d  occur  wi thout the project .  Tra i l s  devel oped a l ong the route sel ected 
wou l d  not cause a major redi stri bution of recreat ion patterns as much of th i s  
area i s  currently open desert . I t  i s  a l so anti c i pated that any day-use areas 
opened for publ i c  use wou l d  be establ i s hed as the adjacent areas become more 
devel oped , thereby accommodati ng the demand rather than generating demand . 

5 .  Short and Long Term Impacts 

Any of the proposed a l ternati ves cou l d  resu l t  in mi nor 
pedestri an and veh i cu l ar  access i nconvem ence to recreational  u sers , 
i n  the v i c i n i ty of the Saguaro Nati onal  Monument (wes t )  and the Tucson 
Mountai n  Park . Detou rs to aqueduct cross i ng pOi nts wou l d  be requ i red . Those 
portions  of routes in p i pel i ne wou l d  requ i re these detou rs primari l y  duri ng 
construct ion , however the need for some permanent acces s i b l e cross i ngs  may 
a l so be necessary depend i ng upon the fenci ng and management of the aqueduct .  
Open cana l port ions requ i re permanent access i b l e  cross i ng s  for pub l i c  
recreation users . Wh i l e  i t  i s  ant i c i pated that a l l the routes wou l d  requi re 
cross i ngs  for some duration , i t  i s  noted that those routes cons i st ing  of open 
canal wi l l  req u i re more of these cros s i ngs . However ,  i n  the open cana l areas , 
road cross i ng s  wi l l  be constructed wi th bri dges to accomodate both veh i cu l ar 
and tra i l u se , thereby l imi t i ng the negati ve impacts . 

The P ima County Parks and Recreat ion Department have offi c i al ly  
i nd i cated the i r  s ponsorsh i p  of  a mu l t i -purpose tra i l a l ong the CAP cana l i n  
P ima County and are work i ng wi th Recl amat ion to  estab l i sh t he  tra i l ,  
t ra i l -rel ated fac i l i ti es and recreati on areas wi th i n  the fl ood detention 
bas i ns wh i ch are conduc i ve to _ recreat i onal  devel opment and use .  

Under the Federa l Water Project Recreation Act of  1965 ( Publ i c  
Law 89-72 ) Rec l amat i on may enter i nto 50-50 cost-sharing  grants wi th l oca l 
mun i c i pa l i ti es for the devel opment of recreat iona l areas and fac i l i ti es on 
project l ands . The Recreat ion and Pub l i c  Purposes Act authori zes the 
Secretary of Interior  to l ease project l ands to the State or l ocal 
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mun i c i pa l i ti e s  for recreati onal purposes wi thout requ l rl ng that recreat ional  
fac i l i ti e s  be devel oped . These recreat ional  areas , wi th or wi thout faci l i ty 
deve l opment , must be open for publ i c  u se and managed by the l ocal ent i ty .  

J .  Soc i a l 

1 .  Descript ion of Exi sti ng Cond i t i ons 

The majori ty of the ent i t i es to be suppl i ed by Phase B are i n  
P ima County .  Tucson , the second l argest  c i ty i n  Ari zona , i s  the economi c 
center of the Phase B Serv i ce area . The area i s  one of rap i d  growth ; the 
popu l at ion  of the county grew from 407 , 500 i n  1972 to 567 , 900 i n  1982 , an 
i ncrease of approxi mately  40% . The 1982 popu l at i on i s  presented bel ow .  

P ima County 
Tucson 
Green Val l ey Conti nenta l ( 198 1 )  
Noga l es ( Santa Cruz Co . )  

567 , 900 
354 ,400 

8 ,296 
17 ,449 

Med i an fami ly i ncome for P ima County was $23 , 975 i n  1982 , 
essenti a l ly equ i va l ent to the state of Ari zona at $24 ,000 . The sma l l 
communi ty of Avra i s  l ocated to the west  of the Tucson Mounta i ns .  The 
commun i ty i s  compri sed of ret i rees and peopl e who commute to Tucson to work . 
I t  i s  a fa i rly new commun i ty wi th most  res i dents hav i ng l i ved there from 2 to 
10 years . 

2 .  Short Term Impacts 

Constructi on of the aqueduct i s  not expected to i mpact the 
popu l at i on of P ima County measurab l y .  A study conducted by the Bureau on the 
Gran i te Reef Aqueduct of the CAP i nd i cates that approx imately 75 percent of 
the workforce are l ocal workers . A peak construct ion workforce of 
approximate ly  250 workers i s  ant i c i pated for on-s i te emp l oyment . If 25 
percent are non- l oca 1 ,  65 workers wou l d not be from the area . Due to the 
proximi ty of the major metropo l i tan area of Tucson th i s  i ncrease wou l d  not be 
not i ceab l e .  

When compared wi th the No Federa l Acti on a l ternat i ve ,  changes 
i n  the study area I S  soc i a l cond i t i ons  as a resu l t  of the Proposed Acti on or 
Al ternati ves wou l d  be mi n imal . Popu l at ion changes as a resu l t  of the Proposed 
Act i on are expected to be negl i g i b l e .  I n  turn , demands for add i t i onal hous i ng 
and commun i ty serv i ces and faci l i t i es as a resu l t  of the Proposed Act i on are 
expected to be mi n imal , and only a sma l l number of i nd i v i dua l s  i n  the study 
area wou l d  be affected . 

Changes i n  the study area l s  economi c cond i ti ons as a resu l t  of 
the Proposed Act i on or Al ternat i ves are 1 i kely to be m i n imal . Construction 
and operat ion crews are expected to be drawn from the metropo l i tan l abor 
force , so that i ncome and emp l oyment changes wou l d  be cons i dered pos i t i ve ,  
a l though i ns i gn i fi cant i n  the context of total study area i ncome and 
empl oyment . 

Because popu l at ion changes due to the Proposed Act ion and 
a l ternat i ves wou l d  be neg l i g i b l e ,  the add i t i onal demand for publ i c  sector 
expend i tures i s  expected to be equa l ly i n S i gn i f icant . 

120 



Wi th the sel ect ion of the West S i de P l an as the proposed 
action , some of the res i dents l i v i ng i n  the Avra Val l ey have organ i zed w i th 
the object i ve of hav i ng the aqueduct pl aced i n  p i pe on the west s i de .  The 
ma i n  concerns are preservation of the Sonoran Desert , v i sua l  impacts , wi l d l i fe 
impacts , and safety of an open aqueduct on the fri nges of a popu l ated area . 

Sel ecti on of the West S i de P l an has cau sed d i stress  for these 
res i dents . Some res i dents have stated that they chose Avra Val l ey as the i r 
home for i ts u n i que desert sett i ng and that construction of the aqueduct wi l l  
destroy the very qual i t i es that attracted them to that part i cu l ar l ocati on . 
They are d i stressed by what they perce i ve as the l ack  of con s i dert i on of the i r 
v iews i n  the dec i s i on mak i ng proces s .  They sense the l oss  of control 
concern i ng the envi ronment i n  wh i c h  they have made the i r homes . 

3 .  Comparati ve Analys i s  of Al ternati ves 

Rel ocati ons w i l l  be few wi th any of the a l i nements under 
con s i deration . The East S i de Pl an and No Federal Act ion wou l d  requ i re the 
most , approximately 35 fami l i es .  The West S i de P l an wou l d  requ i re about 15 
rel ocati ons and the Sandario  P l an and the Sandari o-San Joaqu i n  Pl an wou l d  each 
requ i re 10 rel ocat ions . The Sanders-San Joaqu i n  Mod i f ication P l an wou l d  
requ i re about 7 rel ocat i ons . Fami l i es rel ocated wou l d  experi ence stress  
as soc i ated w i th hav i ng  to move i nvol untari ly .  However ,  most  rel ocated 
fami l i es wou l d  be ab l e  to adapt to rel ocat ion wi thout s i gn i fi cant d i ff icu l ty 
because of the i r ab i l i ty to ma i ntai n  the i r  l i festyl e ,  the i r i ndependence , and 
the i r  sel f-rel i ance by stayi ng i n  the area . Al l persons requ i red to rel ocate 
wi l l  rece i ve benefi ts of the Un i form Rel ocati on As s i stance and Real Property 
Acqu i s i tion Pol i c i es Act of 1970 ( P . L .  9 1-646 , 89 Stat .  1984 ) . In the 
Sanders-San Joaqu i n  Modi f ication P l an , res i dents of Sanders Road may 
experi ence s hort-term i nconven i ence du ri ng the constructi on peri od because of 
construct i on act i v i t ies and poss i bl e  temporary traffi c through the i r front 
yards . 

The presence of an above ground transmi ss i on l i ne shou l d  not 
d i s rupt the l i ves of anyone l i v i ng or  worki ng i n  the v i c i n i ty of the 
transmi s s i on l i nes . No i se i s  not con s i dered to be a probl em ( s ee Sound 
Qual i ty d i scuss i on ) . 

Corona d i scharges act as mi n i atu re spark transmi tters to cau se 
radi o  i nterference . Th i s  i nterference i s  dependent on the same factors w ich 
cause corona , such as l i ne vol tage , atmospheri c cond i tions , and spac i ng of the 
conductors ; p l us  other factors i nc l udi ng the d i stance between the 
transmi s s i on l i ne and the poi nt of i nterference , and the e l ectri cal  frequency 
of the equ i  pment be i ng i nterfered wi th . Corona noi se i s  general ly  not a 
probl em when the transmi s s i on l i ne vol tage i s  bel ow 130-kV . AM radi os are 
most  suscepti b l e  to radi o  i nterference wh i l e  FM and TV frequenc i es ( above 10 
Mhz )  are neg l i g i b ly affected . 

E l ectri c and magneti c  f ie l ds (measured i n  un i ts of k i l ovol ts 
per meter and Gauss , respecti ve ly )  are respons i b l e  for i nduced vol tages and 
currents in conduct i ve bod i es . 

Vol tages can be i nduced i n  ungrounded meta l objects l ocated i n  
an e l ectr i c  f ie l d ,  such a s  under a transmi s s i on l i ne . These metal objects 
can , i nturn , produce an e l ectri cal shock i n  a person who touches them and 
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p rovi des a path for the cu rrent to ground . Typi ca l  types of ungrounded 
objects are wi re fences hav i ng dry wood posts , veh i c l es wi th rubber t i res , and 
wooden barns wi th l arge meta l roofs . The el ectrostati c vol tages i nduced on an 
ungrounded metal object are dependent upon the surface area of the object ,  the 
d i stance of the meta l surface from the transmi s s i on l i ne conductors , and the 
hei ght of the object above ground . The magn i tude of the d i scharged cu rrents 
from these i nduced vol tages depend on the transmi s s i on 1 i ne vol tage , the 
object s i ze and s hape , and the impedance of the current ' s  path through the 
person touch i ng the object to the ground (wh i ch vari es accord i ng to the 
i nd i v i dual  and manner in wh i ch the person i s  grounded ) .  The thresho l d  of 
s hock recogn i t i on i n  most peop l e  i s  between 0 . 9  and 2 . 5  M i l l i ampers ( rna ) . 

The transmi s s i on l i ne wou l d  be des i gned to meet or exceed the 
safety requ i rements of the Nat i ona l El ectri cal Safety Code ( NESC ) .  The NESC 
states that the des i gn of the l i ne sha l l be such that li the el ectri c fiel d ,  or 
the effects thereof , shal l be reduced . . .  , as requ i red , to 1 imi  t the current 
due to e l ectrostati c effects to 5 . 0 rna , i f  the l a rgest anti c i pated truck , 
veh i c l e ,  or equ i pment under the l i ne were short-c i rcu i ted to ground . "  The 5 . 0 
rna cu rrent i s  commonly acknowl edged to be the " l et-go" threshol d for a smal l 
c h i l d .  

A f iel d of 25 kV/m i s  necessary to produce a 5 rna tough  cu rrent 
from an ungrounded automob i l e  through  a normal l y  dres sed person under average 
cond i t i ons . The f iel d max imum from the proposed transmi s s i on l i ne i s  
substant i al l y  l es s  than 25 kV/m and therefore wou l d  not cause probl ems of th i s  
natu re .  

Fuel i gn i t i on and i nterference w i th card i ac pacemakers are 
other areas of concern assoc i ated wi th e l ectri c f ie l ds . F ie l d strengths from 
the proposed transmi s s i on l i ne are wel l bel ow the f iel d l evel s requ i red to 
cau se a spark of suffi c i ent energy to cau se fuel i gn i t ion . The conc l u s i on 
drawn from avai l ab l e  research on pos s i b l e  fi el d effects on pacemakers i s  that 
the overa l l ri s k  to pacemaker wearers from transmi s s i on l i nes i s  mi n imal . The 
threshol d for i nterference to the most  sens i ti ve pacemakers i s  estimated to be 
3 . 4  kV /m. Revers i on of pacemakers i s  the most substanti a 1 effect noted to 
wearers of pacemakers and i s  not cons i dered a serious  probl em .  To date , no 
ev i dence that a transmi s s i on l i ne has caused a serious  probl em to the wearer 
of a pacemaker has been found ( Bracken , 1982 ) .  

B i o l og i cal  effects resu l ti ng from l ong-term exposure to 
e l ectri cal and magneti c  f ie l ds generated by a 1 15-kV transmi s s i on l i ne have 
not been reported . Research address i ng the exi stence and i mpl i cati ons of 
pos s i b l e  l ong-term effects i s  bei ng conducted wi th humans  and an imal s .  In the 
past  several years , several i ndependent revi ews of the research l i terature on 
effects of exposu re to power-frequency e 1 ectri c fi  e 1 ds have been performed . 
I t  i s  genera l ly  conc l uded from these rev i ews that there i s  no apparent hazard 
to human hea l th from exposu re to e l ectri c f ie l ds found under transmi ss i on 
l i nes . Th i s  i s  especi a l ly  true for f ie l ds of l ess  than 10 kV/m. Long-term 
exposu re to magneti c fie l ds generated by transmi s s i on l i nes has rece i ved l es s  
attent i on , b ut  th i s i s  d ue  to the f ie l ds be i ng of  a very l ow magn i tude . 

Exposures i n  the home from app l  i cances are comparab l e  to  or 
greater than those from transmi s s i on l i nes ( Bracken , 1982 ) .  Based upon the 
very l ow l eve l s of e l ectri cal and magnet i c  fi e l ds  expected to be generated by 
the 1 15-kV transmi s s i on l i ne , and upon i ts proposed l ocat i on , wh i ch wou l d be 
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away from occup ied res i dences , i t  appears h i gh l y  un l i kely that l ong-term 
b i ol og i ca l  effects wou l d occur .  

4 .  Water Supply 

Impacts of supply i ng water are descri bed i n  the Centra l  Ari zona 
Project F i na l  Envi ronmental Statement ( FES 72-35 ) and the F ina l  Env i ronmenta l 
Impact Statement , Water Al l ocati ons and Water Serv i ce Contracti ng ,  Central  
Ari zona Project . Construct i on of Phase B wi l l  permi t a wi der d i spers i on of 
the popu l at i on g rowth wi th i n  P ima County by prov i d i ng an assured water supply 
for Green Val l ey .  However ,  the overa l l g rowth of the county as presented 
be l ow i s  not expected to change , becau se of the assumpt i on i n  the future 
wi thout the project that C i ty of Tucson wou l d  rece i ve a l l M& I water a l l ocated 
to P ima County .  The C i ty of Tucson has an estab l i shed po l i cy of acqu i ri ng 
farm l and i n  Avra Val l ey from wi l l i ng sel l ers i n  order to obta i n  assoc i ated 
water .  

Phase B of the Tucson Aqueduct permi ts del i very of water to the 
San Xav i er  I nd ian Reservat i on and the Schu k  Toak D i stri ct of the Papago Ind i an 
Reservat ion . I f  the 37 ,800 acre feet de l i vered to these commu n i t i es under the 
Southern Ari zona Water Ri ghts Settl ement Act i s  u sed to devel op agri cu l ture to 
maximi ze I nd ian empl oyment ,  approxi mate ly  70 j obs  wou l d  be created . The 
Pascua Yaqu i wi l l  recei ve about 500 acre-feet of water wh i ch they p l an to use  
for agr icu l ture ;  th i s  wi l l  d i vers i fy the i r  economic  base . 

Eastern P ima County has a d i vers i fi ed economy .  The pri nci pa l  
i ndustries of  P ima County are copper ml n l ng ,  manufactu ri ng , tou ri sm , 
education , and government .  Over the l as t  fi ve years , emp l oyment i n  
manufactu ring  has g rown stead i l y ,  whi  l e  empl oyment i n  the mi n i ng i ndustry 
peaked i n  1981 at 7 , 900 and dec l i ned to 3 , 700 i n  1983 . 

K .  Potenti a l  Safety Hazards 

As on other features of the CAP , appropri ate fenc i ng wou l d  be 
prov i ded around structures  and a l ong ri ght-of-way bounda ries  to prevent access  
by the publ i c .  Vari ous types o f  fences and the i r use are d i scussed i n  the E IS  
for the Sa l t-Gi l a  Aqueduct ( Water and Power 1979 : 18-19 ) . 

Safety l adders for h uman escape wou l d  be i n sta l l ed oppos i te each 
other at 750-foot i nterval s on each s i de of the aqueduct and i mmedi ately  
u pstream of  pump i ng p l ant forebays , s i phons , and checks . 

Other escape dev i ces wou l d  be i nsta l l ed across  the aqueduct at  
vari ous l ocat i ons , espec i a l ly upstream of such structures as the pump i ng 
pl ants and s i phons . These may i ncl ude safety nets strung across the aqueduct 
extend i ng be l ow the water s u rface , and suspended cab l es wi th tracers or 
drop l i nes extend i ng to the water surface . 

The top porti on of the s i de s l opes of the cana l l i n i ng extend i ng  5 
feet vert i ca l l y  bel ow the top of the l i n i ng wou l d  recei ve a nonski d ,  
l ong i tudi nal ly-b ru shed fi n i sh  to fac i l i tate exi t  by sma l l an imal s which may 
fa l l  i n .  
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No potent i a l ly dangerous i mpoundment of fl oodwaters i s  expected 
a l ong the aqueduct route . Protect ive d i kes , overchutes , and fl umes wou l d  be 
des i gned to convey fl oodwaters across  the aqueduct and to route f1 00df1 0ws to 
natu ral dra i nages wi th adequate capac i ty to convey those fl ows bel ow the 
aqueduct .  

A b reach in  the aqueduct embankment and l i n i ng cou l d  occur due to a 
se i smi c event or as the resu l t  of fi ssur ing  across the canal a 1 i nement ,  
cau s i ng the d i scharge of aqueduct water i n  areas where the aqueduct i s  above 
norma l g round s urface . Al though an event of th i s  type i s  expected rarely ,  the 
aqueduct wou l d  be remotely mon i tored at a l l t imes . Shou l d a breach of the 
aqueduct be detected , check gates wou l d  be c l osed by remote control or by 
hand , thus i so l ati ng secti ons of the aqueduct to mi n imi ze d i s charge of water 
from the damaged sect i on .  

L .  Confl i cts w i th Other Agency Programs , P l ans or Pol i c i es 

1 .  B i o l og i ca l  Resources - U . S .  Department of the I nterior  

a .  Nat i ona l Park Serv i ce 

A l l a l ternati ves except the No Federal Act i on P l an wi l l  
affect wi l d l i fe on the Nati onal  Monument that are dependent ,  duri ng parts of 
the year ,  on resources l ocated i n  areas west of the Monument . Construct i on of 
a p i pel i ne i n  th i s  area wou l d  temporari ly  d i s rupt th i s  movement wh i l e  an open 
canal wou l d  permanently d i s rupt i t  as wel l as creati ng a drown i ng hazard .  The 
Sandari o P l an and the Sandari o-San Joaqu i n  P l an wou l d  be constructed i n ,  or  
adjacent to , the Monument for 4 . 5  mi l es and cou l d  cause a l ong-term l oss  of 
some natura l  vegetati on adjacent to the road and short-term constructi on  
d i s tu rbance to wi l dl i fe in  the Monument . Mi ti gation for these impacts is  
di scus sed in  Chapter I I I . A . 3 .  

S i gn i fi cant oppos i t i on to the Sandario  and Sandario-San 
Joaqu i n  P l ans has been expressed by the Nati onal  Park Serv i ce ( NPS ) .  Because 
these a l ternati ves traverse a port i on of the Saguaro Nati ona l Monument ,  NPS 
stated that constructi on of e i ther the Sandari o or Sandari o-San Joaqu i n  Pl an 
confl i cts wi th l eg i s l ated management pol i c i es for areas of the Nati onal Park 
Servi ce i n  rel at i on to the protecti on and perpetuation of the i r  character and 
compos i t i on .  Fu rther ,  36 CFR , Chapter I ,  part 14 , sect i on 14 . 10 proh i b i ts 
such projects wi thout the speci fi c  approva l of Congres s .  

b .  U . S .  F i s h  and Wi l d l i fe Serv i ce ( FWS) 

The Endangered Spec i es Off i ce has a cand i date pl ant 
spec i es ( Tumamoca macdouga1 i i )  that i s  be ing cons i dered for i mmedi ate proposal  
as a Federal ly endangered spec i es and a spec i es of p l ant (Mammi l l ar ia  
thornberi ) that i s  proposed for the threatened l i st  that wi l l  both be  i mpacted 
by al l of the project a l ternati ves . I f  actua l ly  l i sted , consu l tat ion wi l l  be 
requ i red wi th FWS to determi ne i f  project construct i on wi l l  jeopard i ze the 
exi stence of these s pec i es . Poss i b l e  methods of mi n imi z i ng impacts to these 
spec i es are d i s cussed in Chapter I I I . A . 3 .  
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2 .  B i ol og i ca l  Resources - State of  Ari zona 

Al l project a l ternat i ves pass through Game Management Area 37-C 
wh i ch i s  admi n i s tered by the AGFD . Wi l d l i fe game speci es i n  th i s  un i t  wou l d 
be impacted by an open aqueduct i n  th i s  area from drown i ng l osses , movement 
di s rupt ion , hab i tat l os s ,  and construction di  sturbance . Non-game management 
respons i b i l i t ies  have a l so been ass i gned to the AGFD and impacts to non-game 
spec i es of wi l d l i fe i mpacted by project constructi on wou l d  a l so be i n  confl i ct 
w i th AGFD programs . M i t i gat ion for these impacts i s  d i scus sed i n  Chapter 
I I I . A . 3 .  

3 .  B i ol og i cal  Resources - P ima County 

Al l a l ternat i ves except the No Federal Acti on Pl an wi l l  affect 
wi l d l i fe i n  the Tucson Mounta i n  Park that are dependent , duri ng  a part of the 
yea r ,  on resources l ocated i n  areas west of the park . Any construct ion  
between these two areas wou l d  d i s rupt wi l d l i fe movements , destroy habi tat and 
if i n  open canal , create a drown i ng l os s  to wi l d l i fe mov i ng between these two 
areas . I n  add i t ion , the construct i on of the Tucson pi pel i ne pas s i ng through 
the Tucson Mounta i n  Park wou l d  cau se temporary d i sturbance and the l oss  of 
vegetat ion . Mi ti gat ion for these impacts i s  d i scussed i n  Chapter I I I . A . 3 .  

M .  Compl iance wi th Other Envi ronmental Statutes 

Proj ect compl i ance wi th other envi ronmenta l  statues i s  s ummari zed on 
Tab l e  45 . 

N .  I rretrievab l e  and I rrevers i b l e  Commi tment of Resou rces 

The construct i on and operation of the West S i de Pl an wou l d  
i rrevers i b ly  and i rretri evab ly  comm i t  phys i ca l  and envi ronmental resources to 
the project . An i rrevers i b l e commi tment of these resources i s  cons idered the 
permanent l os s  of the resource . 

1 .  B i ol og i cal  Resources 

B i o l og i ca l  resources permanently l ost  as a resu l t  of 
the West S i de Pl an i nc l ude 367 acres of wi l d l i fe hab i tat , the p l ants , mammal s ,  
b i rds , repti l es , and amph i b ians  dependent upon th i s  habi tat , and those an imal s 
wh i ch wi l l  drown i n  the cana l or  be cut off from resources necessary to the i r 
s urv i va l , and the l oss  of future product i on from these an i ma l s .  

2 .  Water Resources 

The 161 ,900 acre feet of Co l orado R i ver wh i ch wi l l  be 
de 1 i vered through the Tucson Aqueduct wi 1 1  be commi tted to Tucson a rea and 
wi l l  be unava i l ab l e  for use e l sewhere . 

3 .  El ectri ca l  Energy 

The 174 g i gawatt hours u sed each year to operate the 
Tucson Aqueduct wi l l  be unavai l ab l e  for u se e l sewhere . 
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Tab l e  45 

Status of West S ide P lan Compl iance with other Envi ronmenta l Statutes 

Affected Resource Statute 

W i l d  & Scen i c  Ri vers Wi ld  and Scenic Ri vers 
Act nf 1968 ( PL 90-542)  

Ai r Qual i ty 

Water Qua l Hy 

Recrea tiona 1 
Resources 

C l ean A i r  Act of 1963 . 
as amended 1970 . 
Publ i c  Law 88-206 . 

Federal Water Pol l ution 
Control Act of 1972 
(PL 92-S00 )/Section 
404 . C l ean Water Act 
of 1977/Section 1424( e )  
o f  the Safe Drinking 
Water Act . 

Federa l  Water Project 
Recreation Act .  16 
USC 460 1 .  

Requ i rements 

Section 7 prohibits federal 
agencies from ass isti ng or 
l i cens i ng water resou rce 
projects on or affecti ng 
any river desi gnated for 
study as a potential  com
ponent of the national 
wi l d  and scenic  river 
system. Section 5 requ i res 
consideration of wi l d  
and scenic ri vers in pl ann
ing water resource projects . 

Provides for the improve
ment , strengtheni ng .  and 
accel eration of program 
for the preventi on and 
abatement of a i r  
pol l ution . 

Requires a Corps of Eng i 
neers permit for the d i s
charge of dredged or fi l l  
materi al  into navigabl e  
waterways.  An i ndividua l 
permi t i s  not requi red 
i f  conditions of a Nati on
wide Permi t apply.  The 
West Side Plan comp l i es 
with the conditions for 
Nationwide Permits ( see 
Appendi x  D .  

Requ i re s  EPA revi ew i f  a 
Federal ly assi sted project 
wou l d  affect an aqu ifer 
which the Administrator of 
EPA has determined to be a 
sol e  source of dri nk ing 
water for a commun i ty or 
area . and that contami n
ation of such an !qu ifer 
wou l d  create a sign i ficant 
hazard to pub l ic hea l th .  
The Admi ni strator of 
EPA has determined that 
the Upper Santa Cruz and 
Avra-Al tar Bas i ns are sole 
source drinking water 
suppl ies for the Tucson 
Active Management 
Area . 

Provides for outdoor 
recreational and fish and 
wi l dl i fe enhancement for 
federal water projects . 
in coordination with exi st
ing and pl anned recrea
tional devel opments . 
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West Side Plan Comp l iance Status 

Ful l comp l i ance . The on ly r iver i n  
the route o f  the West S i de Pl an is  
the Santa Cruz River,  which i s  an 
ephemeral stream. The Santa Cruz 
R i ver  i s  not l i sted . nor is i t  
el ig ib le  for l i sting.  in  the W i l d  & Scenic Ri vers System. 

Construction specifications wi l l  
require the contractor to carry 
out proper and efficient measures 
to comp ly w i th l ocal a i r  pol l u ti on 
regu l ations . or to reduce dust 
nui sances . The contractor 
wou l d  be respons ib le  for prevent
ing any nui sance to persons or 
damage to crops . orchards . 
cu l tivated fi e l ds . or dwel l i ngs . 
resu l t i ng from dust generated 
by this project . 

Fu l l  Compl iance . A Section 404 
eva l uation i s  incl uded as 
Appendi x  D of thi s  report . Th i s  
eva l uation satisfies the 
requi rement for Recl amation 
compl iance with Section 404 . 

CAP is not subject to review under 
Section 1424( e )  of the Safe 
Drinking Water Act . Whi l e  
authori ty exi sts for Federa l 
assi stance in construction of 
di stribution systems through 
the Di stribution System Loans 
Act (�L 84-130 ) .  the current 
pl an is to provide the necessary 
systems by di rect Federa l 
construction under a va l i dated 
repayment contract.  Therefore . 
there is no Feoeral ly as sisted 
action associated with the CAP 
subject to EPA review under 
Section 1424 ( e ) .  

Compl iance i s  ongoing.  Local 
agenci es are i nterested in the 
fonnation of a mu l ti -purpose 
trai l a long the ent i re l ength 
of the CAP and the formation 
of day-use fac i l i ties i n  
fl ood detention basins on 
the upsl ope s i de of open 
canal portions . The feas i
b i l i ty of a CAP tra i l  i s  bei ng 
i nvestigated by Recl amation 
and the Arizona H i k i ng and 
Equestrian Committee. The 
potentia l  for day-�se devel op
�nt in fl ood detention bas i ns 
is dependent upon l ocal 
munic i pal  agency bei ng wi l l i ng 
to manage these areas.  
Recreation i s  d i scussed in  
Chapter I I  I .  r .  



Affected Resource 

B i o l og i ca l  Resources 

Prime and Uni que 
Farml and 

Fl oodpl a i ns & 
Wet1anas 

Endangered 
Species 

Cu 1 tu r!1 Resou rces 

Tab l e  45 Continued 

Status of West S ide P l an Comp l i ance w i th other Envi ronmental Statutes 

Statute 

Fish and Wi l dl i fe 
Coord i nation Act 
( PL 85-624) 

Counci l on Envi ronmental 
Qual i ty Memorandum, 
Ana lys i s  of Impacts on 
Prime and Unique Farm
l ands , August 30 , 1976 . 

Executi ve Order 11988 , 
Avo id Impacts Associ 
ated with Occupancy 
Mod i f i cation of Fl ood
p l a i ns , May 24 , 1977 / 
Executi ve Order 1 1990 , 
Avo i d  Adverse Impacts 
to Wetl ands , May 24 , 1977 . 

Endangered Species 
Act of 1973 , as 
amended. ( PL 93-205 ) .  

National H i s tori c 
Preservation Act of 1966 . as amended , 
Execut i ve Order 11593 , 
Protection and 
Enhancement of Cul tural 
Envi ronment , May 13 ,  1971 a n d  implementi ng 
regu l ations under the 
Hi storical and 
Archaeol ogical  Data 
Preservation Act nf 1974 ( PL 92-291 ) .  

Requi rements P l an Comp l i ance Status West S i de 

Requ i res coord i nation with Ful l Comp l i ance . A F i s h  and 
federal and state wi l d l i fe Wi l dl i fe Coord i nation Act 
agencies ( Fi sh & Wi l d l i fe Report i s  on fi l e  at Reclamation 
Serv i ce and Arizona Game & and FWS . 
Fish Department) for the pur-
pose of mi tigating and compen-
sating for project-caused 
l osses to w i l d l i fe resources . 

Requi res that federal agen
cies ana lyze the effects of 
the i r  actions on prime and 
unique farml and , document 
these effects in an E I S  
where appropri ate , and 
devel op al ternati ves and/or 
mi tigation measures . 

Agencies must determi ne 
whether thei r  actions wi l l  
affect fl oodpl a i ns and wet
l ands , consi der- al ternati ves , 
and i ncl ude a l l  practi cal  
measures to mi n i mi ze 
i mpacts . 

Of the 96 acres of farmland to be 
used in the construction of the 
West S i de P l an , none i s  cl ass
i fi ed as prime or u n i que. No 
further compl i ance requ i red . 

Fu l l  compl i ance . The Santa Cruz 
Ri ver conta i ns a wetland area . The 
l im i ted amount of ri parian vegeta
ti on l ost by construction wi l l  be 
reestabl i shed . Wetl ands outs i de 
the route wi l l  not be affected . 
Impacts to fl oodpl a i ns have 
been addressed in Append i x  C of 
thi s  report. 

Section 7 requ i red consu 1 ta - Comp l i ance Ongo i ng .  Thornber ' s  
tinn w i th the U . S .  Fish & Fi shhook Cactus i s  proposed 
Wi l d l i fe Servi ce to dete rm i ne for the Threatened Species l i st and 
if federal project actions the Tumamoc G1 0beberry is bei ng 
wi l l  affect threatened or cons idered as an endangered speci es 
endangered wi l dl i fe spec i es , for proposa l .  Bureau i s  
and to i nsure that any act i on conferri ng w i th the 
authori zed . funded . or U . S . Fish & W i l dl i fe Serv i ce 
carried out does not jeopar- on Thornber ' s  Fi shhook 
d i ze the conti nued exi st- Cactus and wi l l  i mp l ement any 
ence of any endangered reasonab l e  and prudent al ternati ves 
or threatened species or proposed by the F&WLS if they 
resul t i n  the destruction determi ne that the W�st S i de P l a n  
or adverse modi fication o f  wi l l  jeopardize the conti nued 
habi tat whi c h  is determi ned exi stence of these spec i es . 
to be cri tical . 

Federal agenc i es are respon
s i bl e for the identificatio n .  
protection . management . and 
nomi nation to the National 
Regi ster of H i storic Pl aces 

resources whi ch are l ocated 
on federal l ands andlor 
which wou l d  be affected by 
federal acti ons .  Consu l 
tat i on wi th the Advi sory 
Counci l on Hi storic 
Preservations and the 
State Hi stori c Preserva-
tion Officer ( SHPO ) i s  
requ i red when 4 federal 
action may affect cu l -
tural resources on or 
el i g i b l e  for i nc l u s i on on 
the National Regi ster 
( Section 106 of the 
National Hi storic 
Preservation Act) . 
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Compl i ance Ongo i ng .  Reclamation 
has negoti ated contracts for a 
series of stud i es to i dentify 
cu l tural resources i n  the area , 
analyze impacts of al ternative 
plans , and prepare plans 
for avo i d i ng or mi tigati ng 
adverse effects of the 
project upon s i gn i f i cant 
cul tural resources . 

The compl eted and ongo i ng 
studies wi l l  prov ide 
documentation for consu l tation 
wi th the ArizonaState H i stori c 
Preservation Off i ce r ,  the Keeper of 
the National Regi ster of Hi stor i c  
Pl aces , a n d  the Advi sory 
Counci l on Hi stori c Preser-
vation . These consu l tations 
have been i n i tiated and wi l l  
be pursued to insure that 
su rveys and avoidancel 
mi tigation p l ans are 
adequate. 



4 .  Cu l tural  Resources 

The C l as s  I I I  survey i nd i cates that 32 s i tes wou l d  be 
impacted as a resu l t  of the West S i de P l an . No cu rrently 1 i sted Nati onal 
Reg i ster s i tes wou l d  be affected . 

5 .  Economi cs  

Economic  resou rces commi tted to  the constructi on and 
operati on of the West S i de P l an wou l d  not be avai l abl e for other u ses . 

6 .  Aestheti cs 
There woul d be i rrevers i b l e  changes i n  the aesthet i c  

qual i ty o f  the West S i de a 1 i nement . These changes wou l d  resu l t  from the 
constructi on of the canal , pump i ng p l ants , and e l ectrica l  transmi s s i on l i nes . 

7 .  Geol ogy/ So i l s  

Sand , g ravel and other so i l  f i l l  materi a l  wi l l  be 
corrnni tted to the cons tructi on of the canal . Concrete wi 1 1  be cOll1lli tted to 
l i ne the cana l s and fash i on the bu r ied p i pel i ne .  These materia l  wi l l  be taken 
from borrow areas near the a1 i nement or wi l l  be purchased from commerci a l  
sources . These materi a l s wi l l  be  unava i l ab l e  for u se  e l sewhere . 

8 .  Land Resources 

Land requ i red for a l l project features , i nc l ud i ng 
canal and p i pe a 1 i nement , access  roads , transmi s s i on l i nes , and mi t i gation  
featu res , wou l d  be i rrevers ib ly  commi tted to the project and wou l d  be 
unava i l ab l e for other uses . 
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POTENTIAL TUCSON AQUEDUCT - PHASE B WATER USERS 
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15. Ayra Valley Irrigation District 
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19. San Xavier Indian Reservation 
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GLOSSARY 

Acre-Foot 
The quant i ty of water requ i red to cover one acre of l and to a depth of 
one foot ; equ i val ent to 43 , 560 cub i c  feet or 325 ,851 gal l on s  ( U . S . ) .  

Ai r Qua l i ty Standards ( Nati ona l Ambi ent Ai r Qual i ty Standards ) :  

Primary - the maximum pol l utant l eve l s a l l owabl e to protect the publ i c  
heal th w i th a n  adequate marg i n  of safety . 

Secondary - the maximum pol l utant l evel s a l l owabl e to protect the publ i c  
wel fare from any known o r  anti c i pated adverse effect . 

Al l uv i um 
General term for c l ay ,  s i l t ,  sand , g ravel , or unconsol i dated detri tal 
materi a l  deposi ted by a stream or other body of runn i ng water .  

Amb i ent  
Encompass i ng or s urrou nd i ng .  

Bajada 
A nearly fl at s urface formed from confl uent a l l uv i a l fans  a l ong the base 
of a mounta i n  range . 

Bosque 
A densely wooded area a l ong a stream or ri ver .  

CFS  ( cfs ) 
Cub ic  feet per second . A un i t of measure of the rate of l i q u i d  fl ow past 
a g i ven po i nt equa l  to one cub i c foot i n  one second . 

Check Structure 
A structure i n  a cana l  that regu l ates water s u rface e l evation upstream of 
the structure and f l ow i n  canal . 

Col l ect i ve D i ke 
Earthen structure wh i ch impounds s u rface water on the ups l ope s i de of the 
aqueduct . 

Conductor 
The wi re ut i l i zed i n  e l ectri ca l  c i rcu i ts to carry current . 

Dec i bel  ( dB )  
A u n i t  for expres s i ng the rel at i ve i ntens i ty of sounds on a sca l e  from 
zero for the average l east percepti b l e  sound to about 130 for the average 
pa i n  l evel . 

Earth F i s s u res 
Cracks i n  the a l l uv i um of bas i ns wh i ch  have l and subs i dence due to l arge 
water l evel decl i nes . 
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Easements 
An i nterest i n  l and owned by another that enti tl es i ts hol der to a 
s pec i fi c  l imi ted use . 

Forb 
Any herb other than grass . 

Genus  
In  taxonomy , a group of c l osely rel ated spec i es compri sed of cOlTUTIon 
di st ingu i sh i ng characteri st ics . 

G i gawatt 9 A un i t  of e l ectri cal power equal to 1 x 10 watts . 

Ground water 
Water wh i ch i s  stored or mov i ng between the soi l part i cl es bel ow the 
earth 1 s  su rface . When a l l vo i ds between the soi l part i c l es are fi l l ed 
w i th water ,  the soi l  i s  satu rated . The top surface of the satu rated so i l  
i s  the water tab l e .  

Ground water recharge 
Rep len i s h i ng of ground water .  

Habi tat 
An area where a p l ant or an ima l  l i ves . ( Sum total  of envi ronmenta l 
cond i ti ons i n  the area . ) 

Impact 
Measured change due to a project acti on ; res i dual  impacts are those 
impacts wh i ch rema i n  after mi t i gati on . 

I nfi l tration 
The movement of water or so l ut ion i nto so i l  or rock .  

I n s u l ati ng Oi l 
A spec i a l  o i l , usua l ly refi ned from petro leum ,  u sed to prov i de e l ectri cal 
i nsu l ation  and heat transfer in many types of el ectri cal  equ i pment . 

I nterconnecti on 
A t ie  permi tt i ng a fl ow of energy between the fac i l i t ies  of two el ectri c 
systems . 

Interti e 
Same as I n terconnection . 

kV ( k i l ovo l t )  
The term for thousand vol ts . 

kWh ( k i 1 0watthour)  
The  term for thousand-watt-hours ( el ectri ca l  energy ) . 

M it i gati on 
An acti on to reduce or e l i mi nate an adverse i mpact .  
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Overchute 
Structure ( usua l ly a p i pe or fl ume ) wh i c h  conveys su rface water over an 
open cana l  sect ion . 

Overdraft 
Wi thdrawa l of ground water i n  excess of rep l en i shment .  

Perenn i a l  stream 
A stream that fl ows at a l l ti mes . 

Predator 
An i mal  that ga i ns nutrients by capturi ng  and feedi ng upon other an ima l s .  

Prey 
An an ima l  h unted or k i l l ed and u sed as a food source by another an ima l . 

Prime fannl and 
C l ass i fi cati on of U . S .  So i l  Conservation  Serv i ce for l ands wi th the so i l  
qual i ty ,  growi ng  season , and moi sture supply necessary to produce 
su stai ned h i gh agri cu l tural  f ie l ds by modern fanni ng method s .  

Raptor 
A predatory b i rd that catches i ts prey by u s i ng i ts ta l ons  ( i . e . , eagl es , 
hawks and owl s ) .  

R i ght-of-way 
The ri ght of passage over another ' s l and . 

R i parian  
As soci ated wi th the  banks of ri vers or other stabl e water bod i e s .  

Sa l t  l oad i ng 
An i ncrease i n  the vol ume of sa l ts i n  a bas i n  u s ua l ly  brought about by 
i nterbas i n  transfer of water . Sal t l oadi ng  i s  most  cri t i ca l  i n  the p l ant 
root zone and i n  any aqu i fers wh i ch mi ght be affected by the imported 
sal ts . 

Spec i es 
I n  taxonomy , a subd i v i s i on of a genus  wh i c h  ( 1 )  has a h i gh degree of 
s imi l ar i ty ,  ( 2 )  i s  capab l e  of i nterbreedi ng on ly  among themsel ves , and 
( 3 )  shows pers i stent d i fferences from members of a l l i ed s pec i es . 

Structure 

A means  of support i ng  transmi s s i on l i ne conductors . A structure may be 
made of many types of materi a l  and constructed i n  various shapes . 

Subs i dence 
A l oweri ng  of ground e l evation as a res u l t of excess i ve ground water 
pump i ng ,  dewateri ng  of sed iments , ground movements due to earthquakes , 
etc . 
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Substat ion 
A s i ng l e  fac i l i ty at wh i c h  connecti ons between the va ri ous components of 
a system , such as l i nes and transformers , a re made and the swi tc h i ng of 
these components i s  ca rri ed out .  

Swi tchya rd 
A fac i l i ty that i s  part of a l a rger featu res such  as a pumpi ng p l ant  or 
powerpl ant at wh i ch connect ions between the vari ou s components of a 
system a re made and the swi tch i ng of these components i s  carri ed out .  A 
typ ica l  exampl e i s  Parker Dam 230-kV swi tchyard . 

Threatened spec i es 
Any spec i es l i ke ly to become endangered w i th i n  the foreseeabl e future 
throughout a l l or a s i gn i fi cant port i on of i ts range . 

Transformer 
An e l ectri cal dev i ce wh ich  changes e l ectri c energy from one vol tage to 
another at the same frequency . 

Transmi s s i on L i ne 
A fac i l i ty for transmi tti ng e l ectri cal energy at  h i gh vol tage from one 
po i nt to another po i nt .  Transmi s s i on l i ne vol tages are normal ly 1 15-kV 
or l a rger . 

Transmi s s i on L i ne Ca pac i ty 
The max imum conti nuous rat i ng of a transmi s s i on l i ne . The rat i ng may be 
l imi ted by therma l con s i derat i ons , capac i ty of assoc i ated equ i pment , 
vol tage regu l at ion , system stabi l i ty or other factors . 

Transmi s s i on System 
An i nterconnected group of e l ectri c transmi s s i on l i nes and associ ated 
equ i pment for the movement or transfer of el ectri c energy i n  bu l k between 
poi nts of supply and po i nts at wh i c h  it i s  transformed for del i very to 
u l t i mate consumers , or  i s  del i vered to el ectric  systems of others . 

Turb i d i ty 
A measure of the extent to wh i ch l i ght pa s s i ng through water i s  reduced 
due to suspended materi a l s .  Exces s i ve turb i d i ty may i nterfer w i th l i ght  
penetrat ion and mi n i mi ze photosynthes i s , thereby caus i ng a decrease in  
prima ry product i v i ty .  I t  may i nterfer d i rectly wi th essent ia l  
phys io l og i ca l  functi ons of  f i sh  and  other aquati c organ i sms , ma k i ng i t  
d i fficu l t for fi sh  to  l ocate a food source , and  a l ter water temperature .  

Ut i l i ty L i nes 
Low vol tage , usua l ly  69-kV or l ess , e l ectri c powerl i nes , te l ephone l i nes , 
or other l i ke fac i l i t i es .  

Water exchange 
An i n s t i tut i onal  arrangement uti l i z i ng phys i ca l  fac i l i ti es where one 
user ' s  water i s  stored wh i l e  h i s  water needs a re met by del iveries from a 
second user and then the second user  has water "cred i ts "  aga i nst  th i s  
fi rst user;  du r i ng a l ater per iod the second user may request that h i s  
cred i ted water be re l eased from the fi rst user ' s  storage fac i l i t i es and 
del i vered as  requ i red . 

135 



Watt 
The un i t  of power i n  the I nternati onal  System of U n i ts ; equ i va l ent to 
1/746 of a horsepower .  

Watt-Hour 
U n i t  of e l ectri cal  energy , or work , equal  to  one watt act i ng for one 
hour .  
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Tucson Mounta i n  park • • • • . • • • . . . . . . . • • . . . . . . . . • • •  30 ,35 ,42 ,46 ,85 ,87 , 1 17 , 1 19 
Tucson Water Treatment P l ant  . . . . . . . . • . . • • . . . . • . • • • • . . . . . . • • . . • • . . . • •  48 ,49 
Tumamoc H i l l . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  34 ,45 ,51  
Un i form Rel ocati on Ass i stance and  Real Property 

Acqu i s i ti on Pol i c i es Act . . . . . . • . . • • • • . . • • • • . . . . . . • . • . . . • . . . . • . . • •  92 , 121  
U . S .  Bu reau of Rec l amati on • . • . • • . . . . . . • • • • • . . . . . . .  l , 2 ,30 ,41 ,44 , 59 , 10 1 , 102  
U . S .  Bureau of Land Management . . . . . . . . . . . . . . • . • • • • • . . . . . . . • • • • • .  37 , 79 , 103 
U . S .  F i sh  and W i l d l i fe Servi ce • • • . . . • . . • • . . . . . . . .  30 ,31 ,40 ,41 ,43 ,44 ,46 , 124 
U . S .  Geol og i cal  Su rvey . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  52 , 59 , 100 , 101 
U . S .  Nati ona l  Park Servi ce • • • . . . . . • . • . . . . . . . . . . . . . . . . . . . . . • . . • • . . . .  43 , 124 
U . S .  Publ i c  Hea l th Serv i ce . • . . . . . . . . . . . . . . . . . . • • . • . . . . • . . . . . . • . . . • . • . . .  57 
Un i ted States Supreme Court . • . . . . . . • . . . . . . . • . . . . . . . • . . • • . • • . . . . . . . . . . . .  59 
V i  sua 1 Resou rce Management System . . . • • • • . . . . • • . . . . . . . • . • • . . . . . . . . . . .  80 ,88 
Wasson Peak • . . . . . . • . • • . . . . • • . . • . . . • . • • . • • . . • . . . . . • • • . . . . . • • . . . . . . . . . . . .  32 
Water Qual i ty Standards . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  59 
Wel l ton-Mohawk Canal • . . • . . . . . . . • . . . . . . . . . . . . . . . . . . . . . . . . . . . • . . . . . . . . . . .  39 
Western Area Power Admi n i stration . . . . . . . . . • . . • . . . . • • . • . . . . • • . . . . . . . .  l0 ,75 
Wi l d l i fe Barrier  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  41 ,43 
W; 1 d 1 ; fe D rown ; n 9 s . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  43 ,47 
Wi l d l i fe Movement Corri dor . . . . . . . • . • . • • • . . . . . . . . . . . . .  31 ,41 ,42 ,45 ,49 ,49 , 5 1  
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APPEND I X  A 

D I STRIBUT I ON L I S T  





APPENDIX  A 

D ISTRI BUTI ON L I ST 

1 .  Statements to be di stri buted by the Commi s s i oner ,  Bureau of 
Recl amati on : 

Department of the I nterior  

F i s h  and Wi l d l i fe Serv i ce ,  Wash i ngton D . C .  

Nati ona l  Park Serv i ce ,  Wash i ngton D . C .  

As s i stant Secretary for Ind ian Affa i rs ,  Was h i ngton , D . C . 

Geol og i ca l  Survey , Was h i ngton , D . C .  

*Bureau o f  M i nes , Wash i ngton , D . C .  

Bureau of Land Management , Was h i ngton , D . C .  

B ureau of I nd i an Affa i rs ,  Offi ce of Trust  Respons i bi l i t i es 

Advi sory Counci l of H i stori c Preservati on , Denver ,  
Col orado 

Department of Agri cu l ture , Wash i ngton , D . C .  

Department  of Energy , Was h i ngton , D . C .  

Department of Transportat ion , Was h i ngton , D . C .  

Hea l th and Human Resources , Was h i ngton , D . C .  

*Department of Commerce , Was h i ngton , D . C .  

Department  of Defense , Was h i ngton , D . C .  

Offi ce of the Ch ief of Engi neers , Department of Army , 
Wash i ngton , D . C .  

Department  of Hous i ng and U rban Devel opment , San Franc i sco ,  
Ca l i forn i a  

*Envi ronmenta l P rotecti on Agency , Reg i on IX , San Franc i sco , 
Cal i forn i a  

2 .  Statements to be d i stributed by the Commi s s i oner ,  Bureau o f  Recl amati o 
for i nformation on l y :  

Honorabl e  Denni s DeConc i n i , Un i ted States Senate , Wash i ngton , D . C  
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Honorabl e  Barry M .  Gol dwate r ,  Un i ted States Senate , Was h i ngton , D . C .  

Honorab 1 e John J .  McCa i n ,  Member , Un i ted States House of 
Representat ives , Was h i ngton , D . C .  

Honorabl e  Bob Stump , Member , U n i ted States House of Representati ves , 
Wash i ngton , D . C .  

Honorabl e  E l don Rudd , Member ,  Un i ted States House 
Representat ives , Wash i ngton , D . C .  

Honorab l e  James Kol be , Member ,  U n i ted States House 
Representati ves , Was h i ngton , D . C .  

Honorabl e  Morri s K .  Uda l l ,  Member ,  Un i ted States House 
Representati ves , Was h i ngton , D . C . 

3 .  Statements to be d i stributed by the Reg i ona l D i rector ,  Lower Co l orado 
Regi onal  Offi ce , Bou l der C i ty ,  Nevada , for i nformati on on ly : 

Department of the I nteri or :  

of 

of 

of 

Reg i onal  D i rector , F i s h  and Wi l d l i fe Serv i ce ,  Al buquerque , New 
Mex i co 

*F i e l d Superv i sor , Ecol og i ca l  Serv i ces , F i s h  and Wi l d l i fe 
Serv i ce ,  Phoen i x , Ari zona 

D i stri ct Ch ief ,  Water Resource D i v i s i on ,  U . S .  Geo l og i ca l 
Survey , Tucson , Ari zona 

D i stri ct Hydrau l i c Engi neer , Conservat ion D i v i s i on ,  Geo l og i ca l  
Su rvey , Sacramento , Ca l i forn i a  

F i e l d So l i c i tor , Phoen i x , Ari zona 

Area D i rector , Bureau of I nd ian  Affa i rs ,  Phoen i x ,  Ari zona 

Superi ntendent , Papago Agency , Sel l s ,  Ari zona 

*State D i rector , Bu reau of Land Management , Phoen i x ,  Ari zona 

Ch ief ,  D i vi s i on of P l ann i ng and Envi ronmenta l Coord i nat ion , 
Bu reau of Land Management , Phoen i x , AZ 

D i stri ct Manager , Bureau of Land Management ,  Phoen i x ,  Arizona 

Ch i ef ,  I ntermounta i n  F i e l d Operat ions Center ,  Bureau of M i nes , 
Denver ,  Col orado 

Reg i onal  Envi ronmenta l Offi cer , Office of the Secretary ,  
Department of the I nteri or , San Franc i sco , Ca l i forn i a  
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C h i ef ,  I nteragency Archeol og i ca l  Serv i ces , Nati onal Park 
Serv i ce ,  San Franc i sco , Cal i forn i a  

*Reg i onal  D i rector ,  Nati ona l Park Serv i ce ,  San Franc i sco , 
Western Reg i on Cal i forn i a  

Department o f  Agri cu l ture : 

State D i rector ,  Farmers Home Admi n i strat i on , Phoen i x ,  Ari zona 

County Superv i sor ,  Farmers Home Admi n i strati on ,  Tucson , Ari zona 

State Conservat ion i s t ,  So i l  Conservati on Serv i ce ,  Phoen i x ,  
Ari zona 

R i ver Bas i n  and Watershed P l an n i ng Staff Leader , So i l  
Con servati on Serv i ce , Phoen i x ,  Ari zona 

Area Conservation i s t ,  So i l  Conservation Serv i ce ,  Tucson , 
Arizona 

Reg i onal  Forester , U . S .  Forest Serv i ce ,  Al buquerque , New Mex i co 

Forest Supervi sor , Coronado Nat i onal Forest ,  Tucson , Ari zona 

State Execut i ve D i rector ,  Agr icu l tural  Stab i l i zat ion and 
Conservati on Serv i ce , Phoen i x ,  Ari zona 

Department of the A i r Force : 

C h i ef ,  Eng i neeri ng , Constructi on , and Env i ronmenta l P l anni ng 
Branch , Dav i s -Monthan Ai r Force Base , Ari zona 

Department of the Army : 

*D i stri ct Eng i neer ,  Corps of Engi neers , Los Angel es ,  Ca l i forn i a  

Ch ief ,  P l ann i ng Section  C ,  Corps o f  Eng i neers , 
Phoen i x ,  Ari zona 

Department  of Commerce : 

Executi ve D i rector , Four Corners Regi onal  Commi s s i on ,  
Al buquerque , New Mex i co 

Department of Energy :  

Admi n i strator , Western Area Power Admi n i strat i on , Gol den , 
Col orado 

*Area Manager ,  Western Area Power Admi n i strat ion , Bou l der C i ty ,  
Nevada 
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D i strict Manager ,  Western Area Power Admi n i stration , Phoen i x ,  
Ari zona 

Department of Hous i ng and U rban Devel opment : 

D i rector ,  Federa l Hou s i ng Admi n i strat ion , Phoen i x ,  Ari zona 

Serv i ce Office Superv i sor ,  Tucson Serv i ce Offi ce , Department of 
Hou s i ng and Urban Devel opment , Tucson , Arizona 

Department of Just ice :  

u . S .  Attorney �  Phoen i x ,  Arizona 

Department of Labor :  

Area D i rector ,  Emp l oyment  Standards Admi n i s trati on , 3221  N .  
16th St . , Phoen i x ,  Ari zona 850 16 

Department of Heal th and Human Serv i ces , Publ i c  Hea l th Serv i ce :  

Ch i ef ,  Env i ronmenta l  Affa i rs Group Env i ronmenta l  Heal th 
Serv i ces , Di v i s i on Center for Env i ronmenta l  Heal th 

Department of Transportat ion : 

Commander ,  1 1th Di stri ct , U . S .  Coast Guard , Phoen i x ,  Arizona 

D i stri ct Eng i neer ,  Federa l H i ghway Admi n i stration , Phoen i x ,  
Arizona 

Env i ronmental P rotection Agency : 

Ch i ef ,  Ari zona Branch , San Franc i sco ,  Ca l i forn i a  

I nters tate Commerce Commi s s i on :  

Reg i onal  Manager ,  San Franc i sco ,  Cal i forn i a  

Congress i onal  Representati ves : 

Jud i th K .  Abrahms , representat i ve of Senator Den n i s  DeConc i n i , 
Tucson , Ari zona 

Peter Hershberger ,  representati ve of Senator Barry M .  
Gol dwate r ,  Phoen i x ,  Ari zona 

Grant Woods , representat i ve of Congressman John J .  McCa i n ,  
Mesa , Ari zona 

Arl ene Las s i l e ,  representati ve of Congres sman Bob Stump , 
Phoen i x ,  Ari zona 
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Mi chael J .  Stubl er ,  representati ve of Congressman El don Rudd , 
Phoen i x ,  Ari zona 

J .  Dan O I Ne i l l ,  representati ve of Congressman Morri s K. Uda l l ,  
Phoen i x ,  Ari zona 

Perry Bake r ,  representati ve of Congressman Morri s K. Uda l l ,  
Tucson , Ari zona 

Newspapers : 

The Ari zona Da i ly Sta r ,  Tucson , Ari zona 

Ari zona Farmer-Ranchman , Phoen i x ,  Ari zona 

The Ari zona Republ i c ,  Phoen i x ,  Ari zona 

The Dai ly  Terri tori a l , Tucson , Arizona 

Tucson C i t izen , Tucson , Ari zona 

Green Val l ey News , Green Val l ey ,  Ari zona 

L ibrari es : 

Ari zona Col l ecti on , Hayden Li brary ,  Ari zona State U n i vers i ty ,  
Tempe Ari zona 

Ari zona Department of L i brary Arch i ves , Publ i c  Records , 
Phoen i x ,  Ari zona 

Casa Grande Publ i c  Li brary ,  Casa Grande , Ari zona 

Green Val l ey Commun i ty L i brary ,  Green Val l ey ,  Ari zona 

Governmental Reference L i brary ,  Tucson , Ar i zona 

Law L i brary ,  County Courthouse , Tucson , Ari zona 

L i brary ,  Ci ty Hal l Annex , Tucson , Ari zona 

Mar i copa County Commun i ty Col l ege D i stri ct , Phoen i x ,  Arizona 

Mar i copa County Free L i brary ,  Phoeni x  Ari zona 

Noga l es Pub l i c  L i brary ,  Noga l es ,  Arizona 

Phoen i x  Publ i c  L i brary ,  Phoen i x ,  Ari zona 

P ima Col l ege L i brary ,  Tucson , Arizona 

Tucson Publ i c  L i brary ,  Tucson , Ari zona 
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Un i vers i ty L i brary ,  Documents Sect ion , The Un i vers i ty of 
Ari zona , Tucson , Ari zona 

U n i vers i ty L i brary ,  Northern Ari zona Un i vers i ty ,  F l agstaff , 
Ari zona 

4 .  Statements to be d i stri buted by the Reg i onal  D i rector , Lower 
Col orado Reg i ona l  Office , Bou l der C i ty ,  Nevada : 

State of Ari zona : 

Centra l  Ari zona Water Conservation D i strict , Phoen i x , Ari zona 

Department of Emergency and Mi l i tary Affa i rs ,  Phoen i x , Ari zona 

Department of Hea l th Serv i ces , Bureau of Ai r Qual i ty Control , 
Phoen i x ,  Ari zona 

Department of Heal th Se rv i ces , Bureau of Water Qual i ty Control , 
Phoen i x ,  Ari zona 

*Department of Water Resources , Phoen i x , Ari zona 

*Game and Fi sh  Department ,  Phoen i x , Ari zona 

Game and F i s h  Department ,  Reg i onal  Superv i sor , Tucson , Ari zona 

Governor ' s  Commi s s ion  on Ari zona Envi ronment , Phoen i x ,  Ari zona 

State Land Department ,  Phoen i x ,  Ari zona 

Offi ce of the Governor ,  Phoen i x ,  Ari zona 

Power P l ant and Transm i s s i on L i ne S i t i ng Commi s s i on , Phoen i x , 
Ari zona 

*State C l ea ri nghou se , Phoen i x ,  Ari zona 

*State H i stori c  Preservat i on Officer ,  Phoen i x ,  Ari zona 

*Water Resou rces , Tucson Acti ve Management Area , Phoen i x ,  
Ari zona 

State of Ca l i forn i a :  

Office of the Governor , Sacramento , Ca l i forn i a  

Col orado R i ver Boa rd of Cal i forn i a , Los Ange l es ,  Cal i forn i a  

State C l ea ri nghou s e ,  Sacramento , Ca l i forn i a  

Nat ive Ameri can Heri tage Commi s s i on 

State of Co l orado : 

Office of the Governor , Denver ,  Col orado 
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State C l eari nghouse , Denver , Co l orado 

State of Nevada : 

Office of the Governor , Carson C i ty ,  Nevada 

State C l eari nghouse , Carson C i ty ,  Nevada 

State of New Mex i co :  

Offi ce of the Governor , Santa Fe , New Mexi co 

I n terstate Stream Commi ss ion , Santa Fe , New Mex i co 

State C l eari nghou se ,  Santa Fe , New Mexi co 

State Eng i neer ,  Santa Fe , New Mex i co 

State of Utah : 

Offi ce of the Governor ,  Sa l t  Lake C i ty ,  Utah 

State C l eari nghouse , Sal t Lake C i ty ,  Utah 

State of Wyomi n g :  

Offi ce o f  the Governor , Cheyenne , Wyomi ng 

State C l eari nghouse , Cheyenne , Wyomi ng 

State Engi neer , Cheyenne , Wyomi ng 

P ima County ,  Ari zona : 

*Board of Su perv i sors , Tucson 

Transportat ion and F l ood Control  D i stri ct , Tucson 

Department of San i tation , Tucson 

Env i ronmental Heal th Serv i ces , Tucson 

Extens i on Serv i ce ,  Tucson 

*Hea l th Department , A i r Qual i ty Control , Tucson 

H i ghway Department ,  Tucson 

Ch ief Admi n i strati ve Offi ce r ,  Tucson 

P ima Assoc i ati on of Governments , Tucson 

*Pl ann i ng and Zon i ng Department , Tucson 

*Pima County Wastewater Management Department , Tucson 
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*Parks and Recreati on Department ,  Tucson 

*Office of the County �1anager ,  Tucson 

Santa Cruz County ,  Ari zona : 

Board of Superv i sors , Noga l es , Ari zona 

C i ty of Tucson : 

Mayor 

C i  ty Manager 

C i ty Attorney 

Department of Transportat i on 

Operations  Department 

P l ann i ng Department 

Water Depa rtment 

Other C i t i es and Towns : 

Town Manager ,  C i ty of South Tucson , Ari zona 

Publ i c  Works D i rector C i ty of Noga l es 

C i ty Eng i neer ,  Ma rana , Ari zona 

Mayor ,  Noga l es ,  Ari zona 

Mayor ,  Marana , Ari zona 

Publ i c  Works D i rector ,  C i ty of Noga l es 

P l an n i ng Department , C i ty of South Tucson , Arizona 

Fl ood Control  D i stri cts : 

P ima County F l ood Contro l D i stri ct ,  Tucson , Ar i zona 

I rri gation and El ectri ca l  D i s tri cts : 

Avra Val l ey I rri gat i on and Dra i nage D i stri ct , Marana , Ari zona 

Contaro-Marana I rri gation D i s tri ct , Marana , Ari zona 

Farmers I nvestment Company , I nc . , Sahua ri ta , Ari zona 

* I rri gat i on and El ectri cal  D i stri cts Assoc i at i on of Ari zona , 
Phoen i x ,  Ari zona 
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E l ectri cal Di stri ct Number Two , P i na l  County ,  P . O .  Box 548 , 
Cool i dge , Ari zona 85228 

I nd ian  Tri bes and Commun i ti es : 

Ak Ch i n  I nd i an Commun i ty Counc i l , Mari copa , Ari zona 

Fort McDowel l Mohave-Apache Tri bal Counci l ,  Fou nta i n  H i l l s ,  
Ari zona 

G i l a  R i ver Indi an Commun i ty ,  Sacaton , Ari zona 

*Papago Tri be of Ari zona , Sel l s ,  Ari zona 

Papago Tribal  Counci l ,  Se l l s ,  Ari zona 

Sal t R i ver-P ima-Mari copa Tri bal  Counci l ,  Scottsdal e ,  Ari zona 

*Pascua Yaqa i Tri be , Tucson , Ari zona 
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UTI L IT I ES : 

Water 

Ari zona Ma i ntenance Company , I nc . , Mr. El i ott Fel dman , Owner ,  P . O .  Box 5806 
Tucson , Ari zona 85703 

Avra Water CO-op , I n c . , Route 9 ,  Box 386 , Tucson , Ari zona 85743 

Rancho Del Conejo Water Company , Mr .  R i chard Howrey , Operati ons Manager ,  Ru ra l 
Route 9 ,  Box 106 , Tucson , Ari zona 85726 

Sandari o Water Company , Mr. Buck Lewi s ,  Owner ,  P . O .  Box 26484 , Tucson , 
Ari zona 85726 

*Conmu n i ty Water Company , Green Val l ey ,  P . O .  Box 1078 , Green Va l l ey ,  Ari zona 
85614 

Transmi s s i on 

Ameri can Te l ephone and Te l egraph Company , Mr . Wade Ba rnes , Operati ons  
Superv i sor , P . O .  Box 5407 , Tucson , Ari zona 85703 

Ameri can Te l ephone and Te l eg raph Company , Mr. A . M .  Davenport , Operation 
Manager ,  2 1 1  West Monroe Street , Room 359A , Phoen i x ,  Ari zona 85003 

Mounta i n  Bel l , West Eng i neeri ng Des i gn ,  Mr .  Ron Shortman , Manager 
D i s tr ibut i ons Serv i ce ,  6448 North Orac l e ,  Tucson , Ari zona 85704 

Mounta i n  Bel l ,  Centra l  Engi neeri ng  Des i gn ,  Mr .  J . W .  N i egock i , Manager -
D i s tri but i ons Serv i ce ,  4400 East Broadway , Room 206 , Tucson , Ari zona 857 1 1  

Tri co El ectri c Co-op . ,  I nc . , Eng i neeri ng , Mr . Chuck Wi l cox , R/W Agent , P . O .  
Box 35970 , 5100 West I na  Road , Tucson , Ari zona 85704 

Tucson El ectri c ,  Operat ion Headquarters , Mr. Howard Au1 t ,  4250 Ea st  I rv i ngton 
Road , Tucson , Ari zona 85714 

Tucson El ectri c ,  Operati on Headquarters , Mr.  G i l l  Bravo , 4250 east I rv i ngton 
Road , Tucson , Ari zona 85714 

Gas 

*E1 Paso Natu ral  Gas Company , Mr.  Al l en Gatt i s ,  Manager ,  Ti tl es -Control 
D i v i s i on ,  Ri ght-of-way Department ,  P . O .  Box 1492 , E1 Paso , Texas 79978 

Southwest Gas Corporat ion , Mr .  B l a ke Down , V i ce Pres i dent , Southern Ari zona 
D i v i s i on ,  P . O .  Box 26500 , Tucson , Ari zona 85726 

Southwest Gas Corporation , Mr . Dera 1 d Neag l e ,  Manager ,  Centra l  Ari zona 
D i v i s i on ,  201 West  4th Street , Casa Grande , Ari zona 85222 
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Others 

Department of Transportat i on , Real Estate D i v i s i on ,  Mr . Lou Lefstead , P . O .  Box 
27210 , Tucson , Ari zona 85726 

Mr. Frank Brooks , Di rector , Tucson Water ,  P . O .  Box 27210 , Tucson , 
Ari zona 85726-72 10 

Mr .  Charl es F. Bonnet , Pres i dent , Commu n i ty Water Company of , Green Val l ey ,  
P . O .  Box 1078 , Green Val l ey ,  Ari zona 85614 

Mr . Robert L .  Arnberger , Superi ntendent , Saguaro Nati onal Monument , Route 8 ,  
Box 695 , Tucson , Ari zona 85730 

Mr .  Gene Laos , D i rector , P ima County Parks & Recreati on Dept . , 1204 West 
Si l verl ake Road , Tucson , Ari zona 857 13  

Mr .  George Perc i val , ASARCO , I nc . , P . O .  Box 5741 , Tucson , Ari zona 85703 , 

Mr . John Ka i , J r . , Star Route 109 , Marana ,  Ari zona 85238 , 

*Mr. Robert Condi t ,  Cortaro-Marana I rri gation D i stri ct , 13864B Sandari o Road 
Marana ,  Ari zona 85238 

Mr. Joseph Ki rby , Duval Corporati on , 4715  East Fort Lowel l ,  Tucson , 
Ari zona 85707 

Mr . R i chard Wal den , Farmers I nvestment Company , P . O .  Box 7 ,  Sahuari ta , 
Ari zona 85629 

Ms . Pri sc i l l a  G .  Domi ngo , 333 West Santa Lu i sa ,  Tucson , Arizona 85706 

Mr . John B .  Narcho , Route 1 1 ,  Box 664-B , Tucson , Ari zona 85706 

Mr .  Lester Snow , Tucson Acti ve Management Area , 37 1  South Meyer ,  Tucson , 
Ari zona 8570 1 

Mr . G i l bert Metz , F ie l d Superv i sor , U . S . F i sh  and Wi l dl i fe Serv i ce ,  2934 West  
Fa i rmount Street , Phoen i x ,  Ari zona 850 17  

Dr .  Raymond Thompson , D i rector , Ari zona State Museum , U n i vers i ty of  Ari zona , 
Tucson , Ari zona 8572 1 

Mr . James Ronstadt , D i rector ,  C i ty of Tucson , Parks and Recreat ion Department , 
900 South Rando l ph Way , Tucson , Ari zona 85716  

Mr .  James Ri l ey ,  As s i stant County Manager ,  P ima County Manager ' s  Office , 131  
West  Congress Street ,  Tucson , Ari zona 85701 

Mr . Ronal d  J .  O l d i ng , Ari zona Game and Fi sh  Department ,  416 West Congress 
Street ,  Tucson , Ari zona 8570 1 

Mr . Lyl e  Ondracek ,  Sr . , V i ce Pres i dent ,  Green Val l ey Water Company , 
P . O .  Box 587 , Green Val l ey ,  Ari zona 85614 
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Mr.  George Johnson , Footh i l l s  Water Company , 10 ,000 North Oracl e Road , Tucson , 
Ari zona 85704 

Mr. Larry Cutrone , Pasqua Yaqu i Tri be , 482 1 West  Cal l e  V i cam , Tucson , 
Ari zona 85706 

*Mr . Tom C l ark , Central Ari zona Water Conservat ion D i stri ct , 23536 N .  7th 
Street , Phoen i x ,  Ari zona 85068 

Publ i c  Works D i rector ,  C i ty of Noga l es , 701 Grand Avenue , Noga l es , 
Ari zona 85621  

George Amos , Tucson Real ty & Trust , 6390 E .  Broadway , Tucson , Ari zona 85710 

George Barr , Barr Assoc i ates , 2075 N .  6th , Tucson , Ari zona 85705 

Ms . Beverly Beddow , Department of Water Resources , 99 Ea st V i rg i n i a , Phoen i x ,  
Ari zona 85004 

Jesse Brown , P ima As soc . of Gov ' ts ,  1 77  N .  Church , #405 , Tucson , Ari zona 85701 

Bobby Jo Buel , Ari zona Dai ly  Sta r ,  Un i ted Bank P l aza , Box 1 ,  Tucson . 
Ari zona 85701 

B ruce B i l l i ngs , Economi st , 2439 E. 7th , Tucson , Ari zona 85716 

*Scott Burri l l ,  ASARCO , Inc . , P . O .  Box 5747 , Tucson , Ari zona 85703 

Joseph Ca l i ff ,  Ca l i ff Consu l ti ng , 4 15 S .  East  Bou rne Ave , Tucson , 
Ari zona 85716 

*Ms . Marybeth Carl i l e ,  SAWARA , 465 W.  St.  Mary ' s ,  # 100 , Tucson , Ari zona 85705 

John Carte r ,  I BM Corp , General P roducts D i v i s i on , Tucson , Ari zona 85744 

Tom Chandl er ,  Chand l e r ,  Tu l l er ,  Et a l , P . O .  Box 3069 , Tucson , Ari zona 85702 

*Dr .  C .  Brent C l uff ,  Water Resou rces Res . Cen . , Un i vers i ty of Ari zona , Tucson , 
Ari zona 85721 

Mr .  J i m  Cocke , Val l ey Nati onal  Bank , P . O .  Box 3 1 1 , Tucson , Ar i zona 85702 

*Mr . Ray Col eman , F i n i cal  & Dombrowsk i , 732 North Stone , Tucson , Ari zona 85745 

Hanna Cortner , Renewabl e  Natural Resou rces , 1 245 Ca l l e  T i buron , Tucson , 
Ari zona 85704 

Mr .  Brent Dav i s ,  Ea sts i de C i ty Ha l l ,  4575 Ea st Speedway , Tucson , Ari zona 857 10 
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Mr . J .  Luther Dav i s ,  Tucson El ectr i c  Power Co . ,  P . O .  Box 7 1 1 , Tucson , 
Ari zona 85702 

Mr. Brad De Spa i n , De Spa i n  Cattl e Co . , 1650 1 West Manv i l l e ,  Ma rana , 
Ari zona 85238 

Mr .  Wi l l i am Ealy  , Deputy C i ty Manager , P . O .  Box 27210 , Tucson , Ari zona 85726 

Mr . Ron Eastburn , S .  Ari zona Homebu i l ders , 2840 North Country Cl u b ,  Tucson , 
Ari zona 85726 

Mr .  Roy Emeri ck , CAWCD Board Member , 2220 North Norton Ave . , Tucson , 
Ari zona 857 19  

*Gayl e Ha rtmann , S i erra Cl u b ,  Grand Canyon Chapter , Ri ncon Group ,  2224  E .  4th 
St . Tucson , Ari zona 857 19  

Mr .  Wi l l i am Estes , Estes Homes , 8257 Ea st  Broadway , Tucson , Ar i zona 85710 

Dr. Ken Fos ter ,  Arid Lands Stud i es , Un i vers i ty of Ari zona , Tucson , 
Ari zona 85721 

John Frame , D i rector ,  CWC Board , 733 W.  V i s ta Hermosa , Green Val l ey ,  
Ari zona 856 14 

Mr. Gera l d  Garc ia , P . O .  Box 26767 , Tucson , Ari zona 85726 

Mi ke Gol der ,  1362 W .  14th Street , Tempe , Ari zona 8528 1  

M i chael Hard ,  Va l l ey Nati onal  Ban k , P . O .  Box 3 1 1 , K-24 1 ,  Tucson , Ari zona 85702 

Mr . T .  J .  Harri son , As s t .  C i ty Attorney , 5151  E .  Broadway , #500 , Tucson , 
Ari zona 857 1 1  

Rep . Peter Hershberge , State Leg i s l ator , 926 West Sama l ayuca Dr . , Tucson , 
Ari zona 85704 

Hugh Hol ub , Attorney at Law , 2438 E .  Broadway , Tucson , Ari zona 857 19 

Dr .  Norma Kafer , 5440 West De Green , Tucson , Ari zona 85743 

John Ka i ,  J r . , 2305 W. Ruthrauff Rd . ,  Tucson , Ar i zona 85705 

Dr .  R i chard Kassander ,  3341 East Fourth St . , Tucson , Ari zona 85716 

Ms . Lo i s  Ku l a kows k i , 7541 E .  Knol l wood P l . ,  Tucson , Ar i zona 857 15 

*Terry Lehrl i ng ,  P ima County Parks Dept . , 1 204 S i l verl a ke , Tucson , 
Ari zona 85713 

L i nda Lewi s ,  1605 N.  Wi l mot Rd . # 108 , Tucson , Ar i zona 85712 

Mr.  Wayne F .  Mac Gowen , 1949 East  Eastl and , Tucson , Ari zona 85719 

Dr.  Gera l d  Matl ock , U n i vers i ty of Ari zona , Tucson , Ari zona 85721 
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Dr .  Ed McCu l l ough , Un i vers i ty of Ari zona , Tucson , Ari zona 85721  

Cra i g  McDowe l l ,  P ima County Manager ,  131  W .  Congress ,  1 1th F l . ,  Tucson , 
Ari zona 85701 

Mi chael McNu l ty ,  33 N .  Stone #1560 , Tucson , Arizona 85701 

Mark Myers , 177 N .  Church #504 , Tucson , Ari zona 8570 1 

John Na rcho , San Xav ier  D i stri ct , Route 1 1 ,  Box 640-A ,  Tucson , Ari zona 85746 

Dan O ' Nei l l ,  300 N .  Ma i n ,  Tucson , Ari zona 85705 

Mr. R . B .  O ' Ri e l l y ,  O ' Ri el ly  Chevro l et ,  6 100 Ea st Broadway , Tucson , 
Ari zona 857 1 1  

Mr .  Chuck Petti s ,  651  North Swan , Tucson , Ari zona 857 1 1  

Ms . Lanae Raymond , 1735 E .  Ft . Lowel l Rd . #5 , Tucson , Ari zona 85719  

So l  Res n i ck , Un i vers i ty of  Ar i zona , Tucson , Ari zona 85721 

Kathl een Roberts , 177  N .  Chu rch  #800 , Tucson , Ari zona 85705 

Ms . Pri sc i l l a  Rob i nson , 1 15 West Wash i ngton , Tucson , Ari zona 85702 

*Mr .  George Rosenberg , 1807 North Norton , Tucson , Ari zona 857 1 1  

Mr . Robert Ru i z ,  5447 East  F i fth , Tucson , Ari zona 857 1 1  

Ms . T i ce Supp l ee ,  Ari zona Game and F i s h  Department , 555 N .  Geasewood Rd . ,  
Tucson , Ari zona 85745 

Mr .  R i chard Wal den , P . O .  Box 7 ,  Sahuari ta , Ari zona 85629 

Mr . J im Webb , P . O .  Box 87 1 ,  Tucson , Ari zona 85702 

Patty We i s s ,  489 1 N .  Lal omi ta , Tucson , Ar i zona 85718 

Mr . Perc Wi l l i ams , 571  Paseo Lazo , Green Val l ey ,  Ari zona 85614 

Others Cont . 
Center for Env i ronmenta l Studi es , Ari zona State Un i vers i ty ,  
Tempe , Ari zona 

*Ari zona-Sonora Desert Museum , Spec i a l  Events Offi ce , 
Tucson , Ari zona 85743 

Dr .  John Doug l as , Archeol og i s t ,  Ari zona State Office , Bureau of 
Land Management , Phoen i x , Ari zona 
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*Wi 1 1 i am Stri ckl and , Attorney , 802 Transameri can Bu i l d i ng ,  
Tucson , Ari zona 8570 1 

Offi ce of Ari d  Lands Stud i es , Un i vers i ty of Ari zona , Tucson , 
Ari zona 

Department of Hydrol ogy and Water Resources , Un i vers i ty ,  of 
Ari zona , Tucson , Ari zona 

Ari zona State Mu seum , U n ivers i ty of Ari zona , Tucson , Ari zona 

Ari zona State U n i vers i ty ,  Department of Anthropol ogy , Tempe , 
Ari zona 

Southwest Env i ronmental Serv i ce ,  P . O .  Box 2231 , Tucson , Ari zona 
85702 

James M. Montgomery , Consu l t i ng Eng i neers , I n c . , 250 
North Mad i son Avenue , Pasadena , Cal i forn i a  91 101  

E i sner-Smi th and  As soc i ates , P l ann i ng Consu l tants 477  South 
Pa l m  Canyon Dri ve , Su i te 8 ,  Pal m  Spri ngs , Cal i forn i a  92262 

Terra Mar Internati onal Serv i ces , I nc . , 5312 Banks Street , San 
D i ego , Cal i forn i a  92 1 1 0  

I nst i tute for Raptor Studies , Box 4420 , OM Star Route , Oracl e ,  
Ari zona 85623 

*Mr . John R. Moff i tt ,  Pres i dent , Friends of the Desert , Route 9 ,  
Box 620 , Tucson , Ari zona 85743 

*Mr .  Dal e Pont i u s , Pres i dent , Southern Ari zona Water Resources 
Assoc i ation , Su i te 100 , 465 W .  St . Mary · s  Road , Tucson , Ari zona 
85705 

Mr .  Al an L i pman , Route 9 ,  Box 620 , Tucson , Ari zona 85743 

E1  Paso Natura l  Gas Company , Box 1492 , E1 Paso , Texas 79978 

Ari zonans for Qua l i ty Env i ronment , Box 41294 , Tucson , Ari zona 
85717 

*Ms . J u l i a  Perry Gordon , 630 1 Cami no Al monte , Tucson , Ari zona 
857 18 

Mr .  James L .  D i ck ,  D i rector , D i vi s i on of Envi ronmental 
Eng i neeri ng & Research , 607 Home Federal Tower ,  32 N .  Stone 
Ave , Tucson , Ari zona 85701 

Mr. Pau l W. Cel l a ,  V i ce Pres i dent , CBA , 207 5 N Si xth Ave . 
Tucson , Ari zona 85705 
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Mr.  Dav i d  R .  Furrey , F l ow i ng Wel l s  I rri gati on D i stri ct , 900 
West Pri nce , Tucson , Ari zona 85705 

Mr. Don W i l l i amson , Env i ronmenta l D i rector , Cypru s  P ima M i n i ng 
Company , Box 7 187 , Tucson , Ari zona 85725 

Ms . Ruth Granger ,  New Pueb l o  Constructors , Inc . , Box 27566 , 
Tucson , Ari zona 85726 

Mr. James Gray , Ranch Lands Water Company , 140 South Rando l ph 
Way , Tucson , Ari zona 85716 

Mr .  K im  Ri chards , V i ce Pres i dent , M idva l e  Farms Water Company % 
Estes Company , 8257 East  Broadway , Tucson , Ari zona 85731 

Mr .  Royce Ha rdy , Duval Corporat ion , 4715 Ea st Fort Lowel l ,  
Tucson , Ari zona 85707 

Mr. Lyl e  Ondrace k ,  S r .  V i ce Pres i dent , Green Val l ey Water 
Company , P . O .  Box 587 ,  Green Val l ey ,  Ari zona 856 14 

Mr. George Johnson , Footh i l l s  Water Company , 10 ,000 North 
Oracl e  Road , Tucson , Ari zona 85704 

Ms . J imi Robb , De l Lago Water Company , P . O .  Box 27324 , Tucson , 
Ari zona 85726 

Mr. Tom Bern i ng , Papago Lega l Serv i ces , Box 246 , Se l l s ,  Ari zona 
85634 

Audubon Soc i ety ,  Tucson Chapter 38 N .  Tucson Bou l evard Tucson , 
Ari zona 85716  

Defenders of Wi l d l i fe ,  13795 N .  Como Dri ve , Tucson , 
Ari zona 85741 

Desert Torto i se Counc i l , 5319 Cerri tos Avenue , Long Beach , 
Ca l i forn i a , 90805 

Nature Conservancy , 30 N .  Tucson Bou l eva rd , Tucson , 
Ari zona 85716 

*K.  B ruce Jones , Pres i dent , The Wi l d l i fe Soc i ety ,  Ari zona 
Chapte r ,  P . O .  Box 1 1 135 , Phoen i x , Ari zona 850 17  

The Wi l d l i fe Soc iety ,  U n i vers i ty of Ari zona Chapte r ,  Un i vers i ty 
of Ari zona , Tucson Ari zona 85017  

The Wi l d l i fe Soc iety ,  Ari zona State U n i vers i ty Chapter ,  
Ari zona State U n i vers i ty ,  Tempe , Ari zona 8572 1  

W i l d l i fe Federat ion , Ar i zona Chapter , 4330 N .  62nd St . S u i te 
102 Scottsda l e ,  Ari zona 8525 1 
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Pres i dent , Fri ends of the Earth , 1045 Sansome , Rm . 404 , San 
Franc i sco , Cal i forn i a  941 1 1  Attn : Dave B rower 

Col onel Hugh Matheson , Route 9 ,  Box 835 , Tucson , Ari zona 85743 

*Dan Dav i s ,  D i rector , Ari zona Sonora Desert Museum ,  
Tucson , Ar i zona 85743 

Patty Fowl er ,  Arizona Sonora Desert Museum , 
Tucson , Ari zona 85743 

John McCa i n ,  Ar i zona Mun i cpal Water Users , 1 122 E .  Was h i ngton , 
Phoen i x ,  Ari zona 85034 

Br ian  Lauber ,  State Land Depa rtment , 233 N .  Ma i n  Avenue , 
Tucson , Ari zona 85705 

Ri ta Gonsal ez-Boepp l e ,  Government Documents Department , Ma i n  
L i brary ,  Un i vers i ty of Ar i zona , Tucson , Ari zona 8572 1 

*Ri chard M i l l er ,  5330 W .  St . Mor i tz , Gl enda l e , Ari zona 85306 

Frank  R ickenbacher ,  2739 N .  La Ci enega , Tucson , Ari zona 857 15 

Fred Schmidt , Documents L i brari an , Co l orado State Un i vers i ty ,  
Fort Col l i ns , Col orado 80523 

Randy Sal zman , Fort Lewi s Col l ege L i brary ,  Col l ege He i ghts , 
Durango , Col orado 81301 

*Steve Percha l  c/o ASDM , Route 9 ,  Box 900 , Tucson , Ari zona 
85743 

Dorothy Montogomery , 560 E .  Monaco P l ace , 
Tucson , Ari zona 85704 

Kathryn Vandemoer ,  325 B i osci ence East , Room 204 , SRNR , 
Un i vers i ty of Arizona , Tucson , Ari zona 85721  

Marshal l A .  Worden , 2333 E .  G l enn , # 221 , 
Tucson , Ari zona 857 19  

John A .  Cas s i dy ,  L i brarian , Sergent ,  Hau s k i ns & Beckw i th 
Consu l ti ng Geotechn i ca l  Engi neers , 3940 W .  C l arendon , 
Phoen i x , Ari zona 85019 

Robert K .  Reynol ds , Fort I rw i n  Area Offi ce , U . S .  Army Corps of 
Eng i neers , P . O . Box 10048 , Fort I rwi n ,  Cal i forn i a  92310-0048 

*Ju l iet  Stave l ey ,  Route 9 ,  Box 820 , Tucson , Ari zona 85743 

Mi chael J .  Brophy , Ryl ey ,  Carl ock & Appl ewh i te ,  Attorneys -at
Law ,  2600 The Ari zona Bank B u i l d i ng ,  101  N .  1st  Avenue , 
Phoen i x ,  Ari zona 85003-1923 
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*Jan i e  C .  Schembri , c/o Ari zona Sonora Desert Museum , Route 9 ,  
Box 900 , Tucson , Ari zona 85743 

Cary W .  Mei ster ,  Pres i dent , Yuma Audubon Soc i ety ,  P . O .  Box 
6395 , Yuma , Ari zona 85364 

MEC , 12640 W. Cedar D r . , P . O .  Box 15638 , Denver ,  Col orado 802 15 

Jeanette Merri tt , Broke r ,  Merri tt Rea l ty ,  2/540 El vado Rd . 
Tucson , Ari zona 85746 

Wi l l i am D .  L l oyd , P . O .  Box 103815 , Anchorage , Al aska 995 10 

Dr .  Thomas R .  McGu i re ,  Department of Anthropol ogy , U n i vers i ty 
of Ar i zona , Tucson , Ari zona 85721 

Don Waye , Harvi l l  439 , Un i vers i ty of Arizona , Tucson , Ari zona 

Greg Gul sei g ,  Code : 273 , E&R Center ,  Denver ,  Co l orado 

Jane Johnson , Santa Cruz Propert ies , 1 20 W. Broadway , Su i te 
292 , Tucson , Ari zona 85701 

Tony Fel i x ,  Route 1 1 , Box 625-G ,  Tucson , Arizona 85746 

Center for Envi ronmental Stud ies L i brary ,  Attn : Marcel l a ,  
Wi l l i ams Co l l ege , P . O .  Box 632 , 
Wi l l i amstown , Mas sachu setts 0 1267 

Robert E. Morri son , Tucson Manu . D i v i s i on ,  P . O .  Box 1 1337 , 
Tucson , Ari zona 85734 

Mi chael R. R i os , P . O .  Box 2246 , Tucson , Ari zona 85734 

*Rus s  Butcher ,  Nati ona l Parks & Conservati on Assoc i ati on , 
Southwest and Ca l i forn i a  Representati ve , Cottonwood , 
Ari zona 86326 

Ron McAl p i n , Papago Tri be of Ari zona , P . O .  Box 837 , 
Se l l s ,  Ari zona 85634 

Rebecca Burke , Government Documents , Ari zona State Un i vers i ty 
L ibrary ,  Tempe , Ari zona 85287 

John Ras hak , 5 104 Ea st Van Buren , # 1098 , 
Phoen i x ,  Ari zona 85008 

John Sch l adwei l er ,  P ima County Waste Water Management , 131  West 
Congress ,  Tucson , Ari zona 8570 1 

Germa i ne Ba rnes , Route 9 ,  Box 610 , Tucson , Ari zona 85743 

*Mr . and Mrs . Ma rk Savory ,  Route 9 ,  Box 40B , 
Tucson , Ari zona 85743 
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Mr . & Mrs . Wi l l i am Henderson , Route 9 ,  Box 563 , 
Tucson , Ari zona 85743 

Mr . Carmi ne Cardamone , 1415 North 3rd Avenue , 
Tucson , Ari zona 85705 

Robert L .  Armentrout ,  5050 South Spencer Avenue , 
Tucson , Ari zona 85746 

George S .  El i a s , Route 7 ,  Box 482-E ,  Tucson , Ari zona 85746 

*Monte Seymour ,  4860 West Ajo Way , Tucson , Ari zona 85706 

Catheri ne M. McCarthy , 8485 E. 22n d  Street ,  #30 1 , 
Tucson , Ari zona 85706 

*Arthur Campbel l ,  P . O .  Box 854 , Ri l l i to ,  Ari zona 85246 

George T. Bal fe ,  580 1 West Drexe l , Tucson , Ari zona 85746 

Bob Anderson , 5825 West  I owa , Tucson , Ari zona 85746 

L .  Burton , P . O .  Box 7305 , Tucson , Ari zona 85725 

*Va l erie  Feuer , Tucson U n i fi ed School  D i stri ct ,  P . O .  Box 40400 , 
Tucson , Ari zona 857 1 7  

Mr .  a nd  Mrs . F .  W .  Schupp , 5658 West Box R Street , 
Tucson , Ari zona 85713 

Mr .  and Mrs . T imothy McC l a i n ,  6964 West  Mat Dri ve , 
Tucson , Ari zona 85706 

Mr . James Sanchez , 2615 South M i s s i on ,  Tucson , Ari zona 857 13 

John M. Tettemer & Associ ates , Ltd , 1952 Fa i rbu rn Avenue , Los 
Ange l es , Ca l i forn i a  90025 

Charl es C. Bates , Chai rman , Env i ronmental Commi ttee , GV Comm. 
Counc i l , 136 W .  La P i ntura , Green Val l ey ,  Ari zona 856 14 

Franzoy & Corey , 5030 E.  Sunri se Dr . , Phoen i x ,  Ari zona 85044 

Patri ck Thorpe , 9052 E .  Cal l e  D i ego , Tucson , Ari zona 85710 

*Rosemary Maddock , 4405 N.  O l d Ranch Road , Tucson , 
Ari zona 85743 

*Tucson Rod and Gun C l ub ,  D i ck Scott , Chai rman Leg i s l ati ve 
Commi ttee , P . O .  Box 1292 1 , Tucson , Ari zona 85732 

*The League of Women Voters of Tu cson , Marie  Lynn Hunken , 
Natura l Resources Coordi nato r ,  4560 E .  Broadway , Tucson , 
Ari zona 857 1 1  
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*Mr .  & Mrs . C .  Nol en Bel l ,  1266 1 W .  P i ctu re Rock  Road , Tucson , 
Ari zona 85743 

*Fi n l ey D i stri buti ng  Co . , Do rothy H .  Fi n l ey ,  2 104 S .  Eucl i d ,  
Tucson , Ari zona 857 13  

*Mr . and  Mrs . H . W .  Peden , 686 1 N .  Sanders Road , Tucson , Ari zona 
85743 

*Earl L .  and S .  Lorra i ne Perci va l , RR 9 ,  Box 602 , Tucson , 
Ari zona 85743 

*Judi th Capen , Route 9 ,  Box 500 , 4800 N. Ol d West  Road , Tucson , 
Ari zona 85743 

*Wi l l i am H. Wheel er , Central Ari zona Project Assoc i at ion , 1 124 
Ari zona Ti t l e Bu i l d i ng , Phoen i x ,  Ari zona 85003 

*Dean Terry , Rt . 9 ,  Box 94 , Tucson , Ar i zona 85743 

*Gary Harwel l ,  Rt .  9 ,  Box 900 , Tucson , Ari zona 85743 

*Frank  Abbott , Rt . 9 ,  Box 708 , Tucson , Ari zona 85743 

*George James , 6350 N .  Sanders Road , Tucson , Ari zona 85743 

*Art Pacheco , V i ce-Pres i dent , Evco Fa rm ,  Inc , P . O .  Box 275 , 
Marana ,  Ari zona 85238 

*Kurt Sch l aefer ,  5880 Chappara l l ,  Tucson , Ari zona 85748 

*Donal d Way , 9502 N .  C l ayton P l ace , Marana ,  Ari zona 85238 

*Cra i g  Al l i son , Grener Eng i neeri ng , 2950 N .  Al vernon Way , 
Tucson , Ari zona 857 12 

*Va l eri e Orstedt , Fri ends of the Desert , 931  S .  Carnegi e  Dri ve ,  
Tucson , Ari zona 85743 

*Tom Gl over ,  Avra Val l ey I rr i gat ion D i stri ct ,  Box 6 ,  Marana , 
Ari zona 85238 

*Boge W .  C l a rk ,  Rt . 9 ,  Box 134 , Tucson , Ari zona 856 14 

*Mark Voel kel , Rt . 9 ,  Box 839 , Tucson , Ari zona 85743 

*B i l l  Steadman , Rt . 9 ,  Box 518 , Tucson , Ar i zona 85743 

*Stephen Hoop , 4548 N .  Oven i da Ronca , Tucson , Ari zona 857 15  

*Dav i d  Morri s ,  687 1 N .  Sanders Rd . , Tucson , Ari zona 85743 

*Teresa L i nn , 6910 N .  Sanders Rd . ,  Tucson , Ari zona 85743 
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*Mi chael A .  En i s ,  P . O .  Box 50849 , Tucson , Ari zona 85703 

*Joe M i l l stone , 10 E .  Broadway , Tucson , Ari zona 8570 1 

*Mel Norv i l l e ,  5520 N .  La Casi ta , Tucson , Ari zona 85718 

*Don Fornear ,  606 S .  P l ume r ,  Tucson , Ari zona 85743 

*Doug Shakel , Box 41 166 , Tucson , Ari zona 857 17  

*Brad Vandermark , 4637 N .  Edgebrooke P l ace , Tucson , Ari zona 
85705 

*Vick i  Phel ps , 1231 E. Spri ng , Tucson , Ari zona 857 19 

*Mark Day , 5531  S.  Oak l eaf Dr . , Tucson , Ari zona 85746 

*Tom V i ncent , Un ivers i ty of Arizona , Tucson , Arizona 85721 

*Joseph Matt i acc i o ,  320t N .  Warren Avenue , Tucson , Ari zona 
85719 

*Geneva Zerby , 5050 S. Spencer Avenue , Tucson , Ari zona 85746 

* Provi ded comments on the draft E l S .  
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APPEND IX  B 

CONSULTAT ION AND COORD INAT ION 





B .  Consu l tati on and Coord i nation  

I n  1979 , the Tucson Aqueduct was env i s i oned to beg i n  at the terminus  
of  the Sal t-G i l a  Aqueduct in  P ina l  County and  termi nate in  Northwest Tucson i n  
P ima County where i t  wou l d  t ie  i nto the Tucson water d i stri buti on system . 
Wh i l e  th i s  l ocation  wou l d  have met the needs of the c i ty of Tucson , the c i ty 
and other water users were concerned that i t  wou l d  not meet the needs of 
Eastern P ima County and requested termi nus  1 ocati on other than northwest 
Tucson be con s i dered . Furthermore ,  the water u sers requested that Regu l atory 
Storage be i nc l uded as a Tucson Aqueduct featu re .  

I n  1980 , p l ann i ng for the Tucson Aqueduct was d i v i ded i nto two 
phases . The fi rst phase , Phase A ,  was i dent i fi ed as that port ion of the 
aqueduct beg i nn i ng at the term inus  of the Sal t-Gi l a  Aqueduct i n  P i nal  County 
and extend ing  to the town of Ri l l i to i n  P ima County .  The second phase , Phase 
B ,  was i ntended to i nc l ude that port ion beg i nn i ng at R i l l i to and endi ng near 
Green Val l ey i n  P ima County .  

S i nce the CAP authori Z i ng l eg i s l at ion d i d  not spec i fy a termi nus or 
spec i fi c  featu res for the Tucson Aqueduct , a Sol i c i tor ' s  op i n i on was 
requested . The concl u s i on was reached that the Secretary of the I nteri or had 
the di scret i on to l ocate the terminus  and defi ne the featu res ( USBR , 
Memorandum , J u ly  2 1 , 1980 ) . I n  November 1981 , Secretary Watt ( USBR , 
Memorandum to Commiss ioner ,  November 12 , 198 1 )  i dent i fied the South boundary 
of the San Xav ier  I nd ian Reservat ion as the appropr iate Tucson Aqueduct 
termi nus and d i rected Recl amat ion to eval uate the feas i b i l i ty of i ncl udi ng 
Regu l atory Storage as a Tucson Aqueduct featu re . 

Advance pl ann i ng for Phase B of the Tucson Aqueduct was i n i t i ated i n  
May 1981 . Du ri ng  the early stages of pl an formu l ation , cost estimates were 
prepared and prel i mi nary envi ronmenta l and i ns t i tuti onal  i nformation  was 
co l l ected for a l a rge number of a l ternati ve p l ans . Pu bl i c  acceptance , based 
on comments rece i ved at publ i c  meeti ngs hel d i n  November 1981 , and the costs 
of each pl an were the cri teri a used to reduce the number of a l ternati ves for 
deta i l ed study .  An i nformati on packet was di stri buted i n  October 1981  that 
summari zed the data and descri bed the method to obta i n pub l ic  i nput .  A March 
1 7 ,  1982 , memorandum ( USBR , Memorandum ,  March 17 , 1982 ) to Al l I nterested 
Persons , Groups , and Agenci es summari zed the comments from the November 1981 
pub l i c  meeti ngs and descri bed the process  of choos i ng a l ternati ves for fu rther 
study .  

After th i s  i n i t i a l  screen i ng ,  the p l an formu l at ion process 
progressed to a t i ered analys i s  of the rema i n i ng a l ternat i ves . The resu l t  was 
the i dent i fi cati on of s i x  a l ternat i ve p l ans and a no federa l acti on pl an . I n  
September 1982 , the s i x a l ternati ve pl ans and the no federal action pl an were 
presented to a commi ttee formed by the Southern Ari zona Water Resou rces 
Assoc i at i on ( SAWARA ) . Th i s  commi ttee ' s  goal was to devel op commun i ty 
consensus regard i ng the Tucson Aqueduct l ocati on , termi nus , s i ze ,  and 
regu l atory storage featu res . The Commi ttee on Al i nement ,  Termi nus  and Storage ( CATS ) recommended that the Bureau g i ve no fu rther cons i deration to storage at 
the Cat Mounta i n  s i te . The commi ttee made th i s  recommendat ion , recogn i zi ng 
that as the commun i ty becomes i ncreas i ng ly  dependent on CAP water to meet i ts 
needs , there wi l l  be a need for futu re surface storage of not l ess  than 
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10 ,000 acre-feet . Th i s  need wi l l  occur sometime after the year 2000 when , 
i t  i s  projected , there wi l l  no l onger be suffi c i ent wel l capac i ty to meet a l l 
mun i c i pal  uses s hou l d any cri t i cal  e l ement of the CAP system prove not to be 
re l iab l e enough to del i ver water to the Tucson area . Prior  to the occurrence 
of such a s i tuation , CATS recommended that appropri ate economic  ana lyses for 
d i fferent storage vol umes and l ocat ions be conducted . 

I n  May 1983 , an i nformati on packet was d i s tri buted wh i ch descri bed 
two p l ans ( USBR Tucson Aqueduct Phase B I nformation Packet . Stage I I .  May 
1983 ) and meeti ngs were hel d to rece i ve pub l i c  comment .  A surrvnary of these 
meeti ngs i s  conta i ned i n  the J une 24 , 1983 , memorandum to Al l I n terested 
Persons , Groups , and Agenc i es ( USBR . Memorandum , June 24 , 1983 ) .  

At the May 1983 publ i c  meeti ngs , oppos i ti on to the West S i de P l an 
was voi ced primari l y  by res i dents of Avra Val l ey who 1 i ve near the proposed 
canal a 1 i nement . The major object ions  focused on safety , aesthet i cs , and the 
feel i ng that Avra Va l l ey res i dents were not party to the del i berati on and 
recorrvnendati ons  of SAWARA . Comments i nd i cated that the West S i de P l an wou l d  
be acceptabl e  to the Avra Va l l ey res i dents i f  open canal  a l ong the northern 
one-th i rd of the aqueduct a 1 i nement was rep l aced w i th bu ri ed p i pe .  By worki ng 
wi th the Avra Val l ey res i dents and the offi cers of the Fri ends of the Desert 
( Fri ends of the Desert i s  an organ i zat ion of c i ti zens concerned wi th qual i ty 
of l i fe i n  the desert ) ,  three add i t i onal  a l ternat i ve pl ans  were formu l ated and 
presented for thei r con s i derati on .  

Two of the three were con s i dered to be worthy of further 
cons i derat i on and a dec i s i on was made to i nc l ude them i n  the Draft 
Env i ronmental Impact Statement ( USBR , Second Suppl ement to the October 1982 
P l an Formu l ation Worki ng Document ,  Tucson Aqueduct - Phase B ,  January 1984 ) . 
The pl ans are the Sandari o P l an and the Sandari o-San Joaqu i n  P l an .  A th i rd ,  
the Sanders Road P l an was con s i dered but e l imi nated wi th the concurrence of 
the Fri ends of the Desert . 

On Ju ly  7 ,  1983 , the Centra l  Ari zona Water Conservati on D i strict 
( CAWCD )  board of d i rectors met and voted unan imous l y  to support SAWARA ' s  
recorrvnendati ons . CAWCD i s  the 1 oca 1 enti ty that wi 1 1  repay the re i mbursabl e 
port i on of CAP costs . The s i gn i fi cance of th i s  act i on was i n  CAWCD ' s  
wi l l i ngness to undertake repayment of the p i pe l i ne and pump i ng pl ant requ i red 
to del i ver the C i ty of Tucson ' s  water to the 2800 ft . el evat ion ( USBR , 
Suppl ement to the October 1982 P l an Formu l ati on Work i ng Document , Tucson 
Aqueduct - Phase B ,  Ju l y  1983 ) .  I n  December 1983 , fol l ow i ng pub l i c  meeti ngs  
hel d by the c i ty of Tucson , the c i ty proposed to Recl amat i on a p l an in  whi ch 
the c i ty ' s  water treatment p l ant wou l d  be l ocated near the Snyder H i l l  pump i ng 
p l ant , thu s enabl i ng Recl amation to pump treated water to the 2800 ft 
el evat ion . After rev iew ,  Recl amati on and CAWCD concu rred wi th the c i ty ' s  pl an 
( USBR , Second Su ppl ement ,  January 1984 ) and ( CAWCD , l etter to Frank  B rooks , 
Tucson Water ,  December 7 ,  1983 ) . 

�1eeti ngs we re he l d  i n  October 1984 w i th SAWARA , Fri ends of the 
Desert ( FOD ) , Ari zona-Sonora Desert Mu seum , and the Nati onal Park Serv i ce 
( NPS ) to d i scuss the pos s i b i l i ty of a Sanders-San Joaq u i n  a l ternati ve .  
Genera 1 s u pport for such a n  a l ternative was i nd i  cated . An i nformational 
meeti ng was he l d  i n  January 1985 to d i scuss th i s  same a l ternati ve wi th 
property owners a l ong Sanders Road . Oppos i ti on to the a l ternative was 
expressed by the majori ty of those present . 
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Three forma l publ i c  heari ngs were hel d i n  January 1985 to recei ve 
comments on the draft E I S .  The pub l i c  hear ing  summary i s  presented i n  
Append i x  H .  Based on comments rece i ved both at the publ i c  heari ngs and 
l etters of comment and di scu s s i ons wi th SAWARA , FOD , NPS , and the 
Ari zona-Sonora Desert Museum , the dec i s i on was made to i nc l ude Sanders-San 
Joaqu i n  Modi fi cat ion P l an i n  the f ina l  E IS . 

Subsequent to the forma l pub l i c  heari ngs , meetings  were hel d  wi th 
the town of Marana and P ima County F l ood Control D i str ict  to d i scu s s  fl ood i ng 
prob l ems around 1 -10 and Tangerine Road . The dec i s i on was made to construct a 
s i ng l e s i phon from the northeast s i de of 1 -10 , cros s i ng the Santa Cruz Ri ver 
and dayl i ghti ng on the southwest s i de of the r i ver ,  a d i stance of about 8700 
feet . 

A l so subsequent to the publ i c  heari ngs , two i nformational  meeti ngs 
were hel d  on the San Xav ier  I nd i an Reservati on to i denti fy spec if i c  a l l ottees 
affected and to i nform Reservat ion res i dents of the proposed aqueduct 
a l i nement .  Rec l amat i on wi l l  conti nue coordi nat i ng wi th the  tr ibe  as  the 
project proceeds . 
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APPEND IX  C 

IMPACTS OF  THE ALTERNAT IVES ON FLOODPLAINS AND WETLANDS 





C .  Impacts o f  the Al ternat ives on F l oodpl a i ns and Wetl ands 

1 .  Execut ive O rder 1 1988 ( Fl oodpl a i n  Management )  

Execut ive Order 1 1 988 requ i res avo i d i ng or mi n i mi z i ng hann 
as soci ated wi th the occupancy or mod i f i cat i on of a fl ood pl a i n .  The West S i de 
P l an route crosses one fl oodpl a i n ,  the Santa Cruz R i ver j u st bel ow R i l l i to ,  
and a port i on of i t  runs  adjacent to another fl ood pl a i n ,  the Brawl ey Was h  
j u st west o f  the Saguaro Nat iona l Monument .  Both the Santa Cruz R iver  and 
Brawl ey Was h  are ephemera l  streams and conta i n  water on ly  i n  di rect response 
to prec i p i tat i o n .  Due to the i r  remote l ocati on , there i s  no u rban or 
commerc ia l  devel opment near where the route comes i n  contact wi th these 
was hes . Therefore , no damage wi l l  occu r to any structu res in the fl oodpl a i n .  
I n  add i t i on , the cana l  w i l l  be pl aced i n  a concrete pi pel i ne and bur ied 
underground beneath the Santa Cruz R iver ,  so no damage wi  1 1  resu l t  to the 
canal  from pos s i b l e fl ood i n g .  Protecti ve d i kes wi l l  be constructed on both 
s i des of the canal  where i t  i s  adj acent to B rawl ey Wash  to safeguard the canal  
from fl oodi ng . 

Duri ng the prepa rati on of fi nal construct i on des i gns , 
hydrol ogi c  stud i es wou l d  determi ne the depth at whi ch the pi pel i ne wou l d  be 
buri ed to protect i t .  Other hydrol og i c  stud ies  wou l d  be done i n  order to 
prov ide adequate cros s-dra i nage protecti on for the aqueduct . Cross-d ra i nage 
s tructures wou l d  be des i gned to pass fl ows of the 100-year magn i tude wi thout 
damage to the structure or s i gn i fi cant a l terati on of the fl ow regime . Because 
of thi  s ,  the West  Si  de P l  an wou l d not adverse ly  affect the natural  and 
benef i c i a l  val ue of the fl ood pl a i ns . 

2 .  Executive Order 1 1990 (Wetl ands Protecti on)  

Executi ve Order 1 1990 prov i des for  the  protecti on of  wetl ands 
through avoi dance or m in i mi zation of adverse i mpacts . As defi ned by the FWS 
( 1979 : 3 ) , wetl ands mu st  have one or more of the fol l owi ng  attri butes : " ( I )  at  
l east per iod i ca l l y ,  the  l and supports predomi nantly hydrophytes ;  ( 2 )  the 
substrate i s  predomi nantly undra i ned hydri c soi l , and ( 3 )  the substrate i s  
nonsoi l and i s  saturated wi th water o r  covered by sha l l ow water a t  some t ime 
dur i ng the g rowing  season of each year . "  Accord i ng to th i s  defi n i tion , the 
Santa Cruz R iver conta i ns a wetl and . The fl ows in thi s  river , wh i ch resu l t  
from rel eases of treated eff l uent , wi l l  not be penmanently a l tered by 
construct i on . The l imi ted amount  of ri parian vegetation that wi l l  be impacted 
by construct ion wi l l  be re-estab l i shed by su i tabl e techniques . 

C-1  





APPEND IX  D 

CLEAN WATER ACT ,  SECT ION 404 EVALUAT ION 





D .  C l ean Water Act , Secti on 404 Eval uat i on 

The fol l ow ing  eva l uat i on has been prepared i n  comp l i ance wi th the 
U . S .  Army Corps of Engi neers regu l ati ons for Nat i onwi de Permi ts ( Federal  
Reg i ster ,  22 Ju ly , 1982 ) .  

1 .  Pu rpose 

The purpose of the proposed p l an i s  to convey Central Ar i zona 
Project ( CAP ) water from the termi nus  of Phase A of the Tucson Aqueduct to the 
v i c i n i ty of Tucson for del i very to ag ri cu l tu ral , mun i ci pa l , i ndustri a l , and 
Ind ian  users . 

2 .  Descri pt i on of Proposed P l an 

Th i s  proposed a l ternat i ve i s  l ocated primari ly  west  of the 
Tucson Mounta i ns . It i s  47 . 4  mi l es l ong , w i th 28 . 0  mi l es of concrete l i ned 
cana l and s i x  pump i ng pl ants . The aqueduct capaci ty ranges from 650 cfs to 
200 cfs . The system wou l d  del i ver 161 , 900 acre-feet per year and wou l d  
requ i re 174 g i gawatt hours of e l ectri c i ty .  A transmi s s i on l i ne of 
approx imately 33 mi l es wou l d  be requ i red . Four turnouts wou l d  be provi ded for 
the Avra Va l l ey I rrigat ion D i stri ct . A turnout wou l d be prov i ded for the 
Schu k Toak D i stri ct on the Garc i a  Stri p ,  an eastern spur of the Papago 
Reservat ion . At the south boundary of the San Xavi er  I nd i an Reservat ion two 
turnouts wou l d  be needed , one wou l d  be provi ded for the San Xav i er I nd i a n  
Reservat i  on , and the other for the town of  Green Va l l ey ,  Fa rmers I nvestment 
Company , and the c i ty of Noga l es .  

The proposed act i on i nc l udes overchutes and cu l verts to provide 
aqueduct cros s -dra i nage protection  and mi t i gate adverse impacts on l ocal  
s urface dra i nages ; h i ghway and county bri dges to m i n im ize travel d i s ruption ; 
fenc i ng and escape l adders for human safety ; and wi l d l i fe cross i ngs , wateri ng 
s i tes , wi l d l i fe fenci ng ,  and torto i se barri ers to mi ti gate adverse impacts on 
wi l d l i fe .  The p l an a l so i n c l udes an undevel oped wi l d l i fe corri dor i n  the Avra 
Val l ey and revegetat ion of d i sturbed areas . 

2 .  Authori ty 

The Tucson Aqueduct , Phase B ,  i s  a part of the Centra l  Ari zona 
Project , wh i ch was authori zed by the Col orado R i ver Bas i n  Project Act ( Pub l i c  
Law 90-537 )  of September 30 , 1968 . 

3 .  F i nd i ngs 

The U . S .  Army Corps of Engi neers pub l i s hed regu l at ions 
govern i ng the Secti on 404 permi ts program in the Federa l Reg i ster on Ju ly  22 , 
1982 . These i nc l uded Pa rt 330 - Nat i onwide Permi t .  The proposed West S i de 
Pl an i s  covered under the nationwi de perm i t  for d i scharges i nto non-t idal  
ri vers , streams , and the i r l a kes and impoundments , i nc l ud i ng  adjacent wetl ands 
above the headwaters ( Secti on 330 . 4  a ( I ) ) .  

A nationwi de perm i t  i s  a form of genera l  permi t wh i ch 
authori zes a category of act i v i t i es throughout the nat ion . The nati onwi de 
permi ts are i s sued to sati sfy the requ i rements of the Ri ver and Ha rbor Act of 
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1899 and Sec . 404 of the Cl ean Water Act . However ,  the nati onwi de permi ts are 
val i d  on ly i f  the cond i ti ons appl i cabl e to the nat i onwi de perm i ts are met . 
Recl amat i on has determined that the West S i de P l an meets the cond i t i ons  of the 
nat ionwi de perm i t  and , therefore , does not requ i re the i s suance of or 
comp l i ance wi th the rev i ew process necessary to obta i n  an i nd i v i dual  permi t 
under Section 404 ( b ) ( 1 )  of P . L .  92-500 . 

Cond i t ions for compl i ance wi th the nati onwi de permi t ,  and the 
West S i de P l an statu s rel at ive to these cond i t i ons , are d i scussed bel ow .  

nat i onwide 

5 .  Nat i onwi de Permi t Cond i t i ons 

The fol l owi ng cond i t ions 
permi t to be val i d .  

mu st 

a .  D i scha rge wi l l  not be l ocated 
water suppll i ntake 

be met i n  order for the 

i n  the v i ci n i ty of a pub l  i c  

N o  d i scharge occurri ng from construct ion o f  West S i de P l an 
featu res wi l l  be l ocated near a publ i c  water supply i ntake . 

b .  The di scharge wi l l  not destrol a threatened or endangered 
spec i es as i denti f ied under the Endangered Speci es Act , or  
destrol or adversell modi fl the cri t i cal habi tat of such 
speci es 

Federa l agenci es mu st rev i ew the i r  acti ons to determine i f  
an action may affect any 1 i sted spec i es o r  cri ti cal  habi tat .  I f  so , the 
agency must consu l t  wi th the F i s h  and Wi l d l i fe Serv i ce .  The West S i de P l an 
cou l d  affect one s pec i es , Thornber ' s  F i shhook Cactus , wh i ch i s  proposed for 
l i st i ng  as a threatened spec i es by the F i s h  and Wi l d l i fe Serv i ce .  Another 
spec i es , the Tumamoc Gl obeberry , i s  schedu l ed to be proposed as an endangered 
spec i es .  When these spec i es are l i sted , the Bureau wi l l  enter i nto formal 
cons u l tati on wi th the F i s h  and Wi l d l i fe Serv i ce under the prov i s i on of Secti on 
7 of the Endangered Spec ies  Act . I f  i t  i s  determi ned that the West S i de P l an 
wi l l  jeopard i ze the cont i nued exi stence of e i ther spec i es , the Bu reau wi l l  
impl ement whatever reasonabl e  and prudent a l ternati ves are proposed by the 
Serv i ce to protect these s pec i es . 

c .  D i scharge wi l l  con s i s t  of s u i tabl e materia l  free from 
tox i c  pol l utants i n  tox i c  amounts 

Al l d i scharge w i l l  be composed of materi a l s currently 
found i n  the affected s i te areas or wastes from materi a l s obta i ned from 
commerc i a l  sou rces . S i nce affected s i te areas are l ocated i n  genera l ly 
undevel oped areas away from urban uses and sources of  env i ronmenta l pol l ut ion , 
there i s  no reason to expect the occurrence of tox i c  substances . The 
materi a l s to be used i n  construct ion and any was te mater ia l s from borrow areas 
are s imi l ar i n  phys i cal  and , most  l i ke ly ,  chem ical  propert ies  to materia l s at 
d i scharge s i tes . 

0-2 



d .  F i l l  created by the d i scharge wi l l  be properly ma i nta i ned 
to prevent eros i on and other non-po i nt sou rces of 
po l l ut ion 

F i l l  c reated by the West  S i de P l an wi l l  con s i st of the 
embankment on the s i des of the canal  used for ma i ntenance roads , overchutes 
used for wi l d l i fe cros s i ngs , and turnouts on the canal  for agri cu l tural and 
mun i c i pa l  uses . Al l th i s  fi l l  wi l l  form s l opes on the s i des of the canal . 
These s l opes wi l l  be revegetated , or  a l l owed to revegetate , to reduce eros i on .  

e .  D i scharge wi l l  not occur i n  a component of the Nati ona l  
Wi l dl i fe and Scen i c  Ri ver System 

The on ly  ri ver to be crossed by the West S i de P l an i s  the 
Santa Cruz R i ver ,  wh i ch i s  an ephemera l stream . No port i on of the Santa Cruz 
Ri ver i s  c l as s i f ied as a wi l d  or scen i c  ri ver .  There are no components of the 
Nationa l  Wi l d  and Scen i c  Ri ver System i n  the project area . 

f .  Best management practi ces shou l d  be fo l l owed to the 
max imum extent pract i cab l e  

Management practi ces are a imed a t  avo i d i ng and/or reduci ng 
impacts of dredged or fi l l  materi a l s  on water qual i ty ,  spawn i ng areas , aquati c 
commu n i t i es , wetl ands , and mi gratory waterfowl breed i ng and nest i ng areas . 
Impacts to these resources res u l t i ng from the i mp l ementati on of the Wes t S i de 
P l an and mi t i gat ion measures to a l l ev i ate i mpacts are d i scus sed i n  Chapter I I I  
of the E I S .  Where app l i cab l e ,  management practi ces wi l l  be empl oyed to avo i d  
adverse i mpacts wh i c h  cou l d  be caused by d i scharge . Spec i f i ca l ly ,  fi l l  areas 
wi l l  be revegetated or a l l owed to revegetate to prevent d i scharge duri ng  t imes 
of run off. There are no spawn i ng areas , aquati c commun i t ies , or waterfowl 
mi grat ion , breed i ng ,  or nest i ng areas a l ong the a l i nement of the West S i de 
P l an .  The Santa Cruz R i ver does conta i n  a wetl and area . The man-made fl ows 
i n  the ri ver wi l l  not be permanently a l tered by construction . The l i mi ted 
amount of ri par ian vegetati on that wi l l  be i mpacted by constructi on wi l l  be 
re-estab l i shed by s u i tab l e  techn i ques . 
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APPEND IX  E 

ENDANGERED SPEC I ES ACT COMPLIANCE 





E .  Endangered Spec i es Act , Comp l i ance 

A 1 i st of Federa l ly  threatened or endangered spec i es that cou l d  
occur  i n  the Phase B area was prov i ded by FWS ( 1981 ) .  An asses sment was made 
by AGFD ( 1982 )  that conc l uded that the l i sted s peci es ei ther d i d  not occur i n  
the project area or , a s  i n  the case o f  the pereg r i ne fa l con ( Fa l co 
peregri nus ) ,  wou l d not be affected a l though  i t  occurs occas i onal ly i n  the 
area . The as ses sment i nc l uded a recommendati on to more i ntens i ve ly  search the 
West S i de P l an a l i nement for the N i chol s turk ' s  head cactus ( Ech i nocactus 
hori zontha l on i u s  var .  n i chol i i ) ,  a Federal l y  l i sted endangered spec i es .  
Further s urveys were conducted by the Ari zona Game and F i s h  Department wh i ch 
found no turks head cacti on the a l i nement . 

A proposed spec i es for the Federa l L i st  of Threatened Spec i es i s  the 
Thornber ' s  F i s hhook Cactus ( Mammi l l ari a thornberi ) .  Approxi mately 19 ,000 
i nd i v i dua l s cou l d  be impacted by the project . 

I n  add i t ion to 1 i s ted and proposed spec i es , there are pl ant and 
an imal  spec i es be i ng con s i dered for l i st i ng under the Endangered Species  Act . 
These candi date spec i es are grouped i nto categories to accurate ly  refl ect 
present eva l uat ion of the i r  status . Category 1 refers to those speci es where 
suff i c i ent i nformati on ex i sts to support the i r bei ng l i sted under the Act . 
Category 2 species refers to those where the ava i l ab l e  i nformation i s  not 
suffic ient to s upport l i st i ng at th i s  t ime .  Candi date species  that occur i n  
the project area are Tumamoc g l obe-berri es ( Tumamoca macdou a l i i )  and Sheer ' s  
strong-spi ned cory cactus { Cor hantha scheeri var .  ro ust i spina , ( Category 1 
p l ants ) , Pri ngl e ' s  l i p ferns , Chei l anthes pri ngl es ) and n i ght b l oomi ng cereus 

Pani ocereus greggi ; )  { Category 2 p l ants }, wi nteri ng ferrug i nous hawk { Buteo 
regal i s  , desert torto i ses , and G i l a  monster ( a l l category 2 an ima l s ) .  

The preferred conservat i on measure i s  avo i dance of both M .  thornberi 
and 1. macdouga l i i  by rel ocat i on of the aqueduct . Other -recommended 
conservati on measures that may eventua l ly be i denti f ied for the proposed and 
candi date p l ant s peci es was prov i ded to USBR by the FWS (memorandum Date June 
6 ,  1984 ) . Measures i ncl ude acqu i s i ti on of l and to preserve approximate ly  
27 ,000 M .  thornberi , avo i dance and protect ion wi th d i kes to  preserve T .  
macdougali i , wi th transpl anti ng as a l ast  resort . Add i ti onal  s urveys for T .  
macdougal i i  and Coryphtontha scheeri were recommended . No conservat ion 
measures were recommended as necessary for Che i l antes pri ngl e i  or  Pen i ocereus 
greggi i .  
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UNITED STATES 
DEPARTMENT OF THE I NTERIOR 

FISH AND WILDLIFE SERVICE 

- f!J COpy 

Eco l og i ca l  Serv i ce s  
2 9 3 4  W .  Fa i rmou n t  Avenue 

Phoen i x ,  A r i zona 850 1 7 

June 6 ,  1 98 4  

U.S. Bureau of Recfamati 
lower Colorado Rs ior 

RECEIVED 
A 

ActIon �W""""':""";"'';;'''�
MEMORANDUM 

To : Reg ional Director , Bureau of Reclamat ion , Lower 
Boulder C ity, Nevada ( Attent ion : -LC- 1 50 )  

Action T¥en II 

From : Field Supervisor , Fish and Wildl ife Service , Ecolon' rnort-�"m_,:"" +-
Phoenix , Ar i zona 

Subj ect : Section 7 Consultation , Tucson Aqueduct Phase B ,  
"lie 

Proj ect 

In your April 1 7 ,  1 98 4  request for Sect ion 7 consultation on Phase B of the 
Tucson Aqueduct ( CAP) , you requested us to provide you with recommended con
servat ion measures tht could be implemented to minimize the effects of the 
proj ect on the rare plant spec ies occurr ing in the proposed aqueduct align
ment .  To that end , a meeting of representatives from your Bureau , our 
Service , the Ar izona Game and Fish Department , and knowledgeable botanists was 
held on May 1 8 ,  1 98 4  to d iscuss poss ible conservat ion measures . 

We wish to stress that these recommendations are not bind ing on the Bureau and 
should not be confused with reasonable and prudent alternat ives , reasonable 
and prudent measures , or conservat ion measures such as would be provided in a 
Sect ion 7 biological opin ion . The measures descr ibed in th is memorandum were 
developed to assist you in the planning of th is proj ect and should only be 
used for that purpose . The implementat ion of all or part of these recommended 
measures will not insure that a non-adverse biological opinion would be issued 
for th is project if and when the affected spec ies are listed under the Endang
ered Species Act .  

Five species of r are plants could be affected by construct ion o f  the Tucson 
Aqueduct ,  Phase B .  Only one , Mammillar ia thornber i ,  is presently proposed (as 
threatened) under the Act .  It is expected that Tumamoca macdougalii will be 
proposed as endangered dur ing 1 984 . The l ist ing package for Coryphantha 
scheer i  var . robustispina is not presently scheduled for fur ther development . 
At th is time , there are also no immediate plans to wor k on the list ing of 
either Che ilanthes pr inglei or Peniocereus gregg i i .  I f  the status of these 
spec ies change , we will inform you as soon as poss ible . 
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The best method to el iminate or minimize impacts of the proj ect on rare plants 
would be to relocate proj ect features to areas away from su itable habitat . 
Any re locations would requ ire that the new routes be f ield checked for rare 
plants . Measure s that would minimize the number of acres disturbed would also 
contr ibute to minimiz ing the number of plants d isturbed . Such measures could 
include replacing open canal with bur ied pipel ine , l imit ing surface acres 
affected by construction activit ies ,  and consol idat ing r ights of way and 
mater ial storage areas . 

Conservat ion measures recommended for Mammillar ia thornber i  center on the pro
posed wildl ife mit igat ion land . Acqu isition and maintenance of th is land in 
an undeveloped state would preserve approximately 27 , 000 M .  thornber i ,  8 , 000 
more than would be lost to aqueduct constr uct ion . Acqu isit ion of th is area 
would be preferable to acquisit ion of section 33 T . 1 3S . R . 1 1 E because , this pro
posed mit igat ion area has high wildl ife values as hab itat and a movement cor
r idor and its acquisit ion is essent ial to provide mit igat ion for other proj ect 
impact s .  

Tr ansplantation o f  affected plants may not be feasible for M .  thornber i  
because of the number of plants involved . We do recommend that inst itut ional 
and legal r equirements under the Ar izona Nat ive Plant Law and the Endangered 
Spec ies Act be explored pr ior to constr uction to determine if transplantat ion 
or salvage on a l imited scale could be accompl ished . Effor ts to minimize the 
number of acres of M. thornber i habitat disturbed by construct ion could also 
be useful . All of the plants not in the immediate construct ion area may not 
be lost as a result of the proj ect ,  however some plants would be affected by 
inundation and water flow changes .  

Avoidance of ind ividuals plants is more important for Tumamoca macdougal i i  
because so few plants are known . Again , re-routing the al ignment to non-suit
able habitat would be the most effective way to minimize direct effects of 
th is proj ect on the plant . 

We recommend that add it ional surveys be done in the 1 98 4  field season to 
search out more plants and obtain more information on spec ific habitat prefer
ences of the spec ies .  This informat ion would be useful in determining sites 
for poss ible acqu isition or transplant s ites . Coordination with Saguaro 
Nat ional Monument per sonnel and consultants on the San Xavier I ndian Reserva
t ion should be attempted . 

Four of the 6 plants found in the aqueduct r ight of way could be protected on 
s ite by dikes and fences . It may not be poss ible to protect the remaining 2 
plants on site and t ransplantation may be a viable measures to protect these 
plants . Pr ior to transplantat ion , information on su itable habitat , appro
pr iate procedures and potential transplant v igor should be obtained . 
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The 1 98 4  f ield surveys should also search for ind ividuals of Coryphantha 
scheer i var . robust ispina on the aqueduct route . The only plant found to date 
should be protected on s ite . If other plants are found , measures similar to 
those descr ibed above could be implemented . 

At th is time we do not believe it is appropr iate to reconunend any spec ific 
measures for Che ilanthes pr ingle i or Peniocereus gregg i i .  I f  these plants are 
eventually transfer red to Category 1 or listed , measures similar to those 
described for the other rare plants could also be used for these spec ies . 

We hope these recommendat ions will be helpful in your planning . I f  you have 
any quest ions or require further informat ion , please contact th is off ice . 

cc : Director , Ar izona Game and Fish Depar tment , Phoenix, Ar i zona 
proj ect Manage r ,  Bureau of Reclamation , Ar izona Pro j ects Office , Phoenix , 

Ar izona 
Regional Director , ( SE ,  AHR) , Fish and Wildl ife Service , Region 2 ,  

Albuquerque , New Mexico 
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APPEND IX  F 

ENVI RONMENTAL COMM ITMENTS 





F .  Envi ronmenta l Commi tments 

Once the fi nal E I S  has been fi l ed and the Record of Dec i s i on 
prepa red , an Env i  ronmenta 1 Commi tment P 1  an ( ECP )  wi 1 1  be devel oped for the 
Tucson Aqueduct - Phase B. An ECP i s  the master envi ronmenta l i mpl ementat ion 
document for construction , operation , and ma i ntenance acti v i ti es .  The ECP 
spec i f i es the env i ronmenta l commi tments , mi t i gat ion measures , des i gn , data , and 
mon i tori ng acti v i t i es to be i mpl emented dur i ng preconstruct ion , construct i on , 
and operat ion ; i t  sets forth the respons i b i l i t ies  for impl ementation ; and 
prov ides deta i l ed procedures to be fol l owed by the Project Construction 
Eng i neer , the Envi ronmenta l Officer ,  and appropri ate offi ces i n  comp lyi ng wi th 
NEPA comp 1 i ance documents and other rel evant envi ronmenta 1 documents . An 
Env i ronmenta l Commi tment Check l i st wi l l  a l so be prepared . The check l i st 
summari zes the commi tments from the ECP that are rel ated to construction 
act i v i t ies and that are to be fo l l owed or mon i tored in  the f iel d by the 
constructi on i n specti on staff and a des i gnated Env i ronmenta l Spec i a l i st .  Th i s  
f i  na 1 E I  S w i  1 1  provi  de the bas i s for the ECP and wi 1 1  i nc 1 ude the fo 1 1  owi ng 
env i ronmenta l commi tments . 

1 .  Construction Con s i derat i ons 

a .  Constructi on Materi a l s 

The Bureau wi  1 1  perform env i ronmenta 1 ana lyses of any borrow 
areas outs i de the ri ght-of-way where constructi on materi a l  are obta i ned or 
d i s posed i f those areas are used so l e ly for project pu rposes . 

b .  Eros i on Control 

A l l excavated s l opes wi l l  be benched , terraced , or furrowed to 
prevent eros i on and a i d  revegetat i on after construction . Deep cut s l opes 
wou l d  be benched or terraced and protected from cross dra i nage by d i k i ng .  To 
prevent eros i on of the cut s l ope , surface dra i n  wou l d  be used at the toe of 
each bench or terrace . 

c .  Access  Duri ng Constructi on 

Detours wi l l  be provi ded at a l l publ i c  roadway cross i ngs wh i l e  
veh i cu l ar bri dges are bei ng constructed at those s i tes . 

Construct i on access roads , hau l roads , spo i l areas , and other 
act i vi t ies wh i ch requ i re l and s urface d i s tu rbance outs i de of the construction 
ri ght-of-way wi l l  requ i re approval of the Contracti ng Officer i nc l udi ng 
envi ronmenta l revi ew .  

d .  Water Resources 

Al l i ntercepted f1 00df1 0ws wou l d  be bypassed i n  a manner that 
no damage wi l l  resu l t  to e i ther publ i c  or pri vate property . 

Speci fi cati ons wou l d  requ i re the contractor to prevent 
constructi on-re 1 ated pol l ut i  on of the underground aqu i fers , surface washes , 
and ri vers . The contractor wou l d  comp ly wi th appl i cab l e  Federal and state 
l aws and regu l ati ons concern i ng control  and abatement of water pol l ut i on .  
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I f  Santa Cruz  R i ver surface fl ows are proposed as construction 
water supp ly , a spec i fi c envi ronmental ana lys i s  wou l d  be requ i red to as sess 
impacts of d i vers i on and permi ss i on from the Contracti ng Officer wou l d  be 
requ i red . 

e .  Wa ste D i sposal 

The contractor wi 1 1  
construct ion materi a l s and other 
construct i on .  

be requ i red to remove a l l unused 
rubb i sh from the work area after 

The contractor wi l l  be requ i red to d i s pose of sol i d  waste 
and/or hazardous waste i n  accordance wi th Federal and State of Ari zona l aws 
and regu l at i ons . 

After construct i on , storage yards wi l l  be returned as nearly as 
practi cab l e  to the i r preconstructi on appearance . Th i s  wi l l  i ncl ude remova l of 
a l l s urp l us  bu i l d i ngs  and equ i pment ,  l umber ,  refuse , fenci n g ,  and a l l other 
i tems not at the s i te pr ior to constructi on . The area wi l l  be seeded w ith 
nat i ve p l ants spec ies  to repl ace vegetat ion .  

Any excess excavated so i l  around transmi s s i on l i ne structures 
wi l l  be spread and b l ended wi th exi st i ng soi l around the structure . 

f .  Sound 

The Bureau wi l l  revi ew and eva l uate the b l asti ng p l an submi tted 
by the contractor before b l ast i ng i s  authori zed . 

The Bureau wi l l  ma i nta i n  a constructi on noi se mon i tori ng 
program to i n su re norma l no i se l evel s do not exceed 75 dec i be l s at n i ght or 80 
dec i be l s  duri ng the day , as measured from po i nts cons i dered to be sound 
sens i t i ve .  

g .  Ai r Qual i ty 

Dust from contractor operati  ons wi 1 1  be contro l l ed by 
ma i nta i n i ng  proper soi l mo i sture cond i t i ons . The contractor wi l l  estab l i s h  
wateri ng program and ma i ntai n  speed l imi ts to reduce dust . Constructi on 
equ i pment use of state and county roads i s  to be regu l ated by those agencies . 

Veh i c l es wi l l  be ma i nta i ned by contractor i n  proper condi t ions 
to reduce emi s s i on prob l ems . Veh i c l es produc i ng exces s i ve emi s s i ons wi l l  not 
be operated . 

Local  pol l ut i on and f i re authori ti es wi l l  be consu l ted before 
was te materi a l  i s  burned . 

h .  Landscape Preservation 

Pri or to canal  excavati on and cons truct i on , r i ght-of-way fences 
wi l l  be erected and vegetati on c l eari ng l imi ts wi l l  be del i neated in the 
constructi on s pec i f i  cati ons . Constructi on acti v i ties  wou 1  d be confi ned to 
these del i neated areas wi th i n  the ri ght-of-way to reduce vegetat ion c l eari ng 
and v i sua l  impact . 
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Construct i on spec i f i cat ions wi l l  spec i fy des i gnated use areas 
for contractor construct i on yards and other needed constructi on areas . These 
u se areas wou l d  be sel ected based in part on the i r v i s i b i l i ty from sens i t i ve 
areas and other envi ronmenta l cons i derat ions . Other construct i on u se areas 
wou l d  requ i re spec i f i c  approval of the contracti ng offi cer . 

i .  Safety 

The Bureau wi l l  mon i tor safety cond i ti ons duri ng construct i on 
to avo i d  acci dents . 

Dur ing constructi on , s i gns , fl agmen , and barri cades wi l l  be 
used to warn of hazards . 

As on other featu res of the CAP , appropri ate fenc ing wou l d be 
provi ded around structures and a l ong ri ght-of-way boundari es to prevent access 
by the publ i c .  Various  types of fences and the i r use are d i scussed i n  the E IS  
for the Sal t-Gi l a  Aqueduct (Water and  Power 1979 : 18- 19 ) . 

Safety l adders for human escape wou l d be i nsta l l ed oppos i te 
each other at  750-foot ( 229m ) i nterva l s on each s i de of the aqueduct and 
immed i ately  upstream of pump i ng p l ant forebays , s i phons , and checks . 

Add i t i onal  escape dev i ces wou l d  be i nstal l ed across the 
aqueduct at vari ous l ocat i ons , espec i a l ly upstream of s uch structures as the 
pumpi ng pl ants and s i phons . These may i ncl ude safety nets strung  across the 
aqueduct extend i ng bel ow the water surface , and suspended cab l es w i th tracers 
or dropl i nes extend i ng to the water su rface . 

No potent ia l ly  dangerous i mpou ndment of fl oodwaters i s  expected 
a l ong the aqueduct route . Protect ive d i kes , overchutes , and fl umes wou l d  be 
des i gned to convey fl oodwaters acros s the aqueduct and to route fl oodfl ows to 
natura l  dra i nages wi th adequate capaci ty to convey those fl ows bel ow the 
aqueduct .  

The aqueduct wi l l  be  remotely  mon i tored at a l l t imes . Shou l d  a 
breach of the aqueduct be detected , check gates wi l l  be c l osed by remote 
control or by hand , thus i so l ati ng secti ons of the aqueduct to mi n imi ze 
di scharge of water from the damaged secti on . 

2 .  B i ol og i ca l  Resou rces 

a .  Vegetation 

Mi ti gat ion for destroyed habi tat woul d  cons i st of revegetat ion 
of a l l construction d i sturbed areas not requ i red for operati on and ma i ntenance 
of the aqueduct . 

Western wi l l  superv i se the c l eari ng of transmi s s i on l i ne 
corri dors to i nsure envi ronmental protecti on measures are carri ed out . To 

F-3 



enhance esthet i cs and control eros i on , as much l ow growth vegetati on wi l l  be 
preserved wi th i n  the ri ght-of-way as poss i b l e . On ly  the mi n imum amount of 
vegetati on requ i red by permanent fac i l i t i es wi l l  be c l eared . 

Before be i ng abandoned , the s i de of borrow p i ts wou l d  be 
stab i l i zed , scari fi ed , and l eft i n  a cond i ti on to fac i l i tate revegetation . 
The Bureau w i l l  coo rd i nate wi th other i nterested agenc i es the u se of any 
borrow areas outs i de the right-of-way . 

Advance noti ce wi l l  be g i ven to the Ari zona Commi s s i on of 
Agricu l tu re and Hort icu l tu re i n  accordance wi th the Ari zona Nat ive P l ant Law 
regard i ng d i spos i t ion of protected nat i ve p l ants . 

Vegetati on mon i tori ng wi l l  be estab l i s hed and basel i ne data 
recorded to determi ne seeding success and whether or not add i t ional  efforts 
are needed . 

Any ri parian vegetat ion that i s  l ost during constructi on wi l l  
be re-estab 1 i shed through s u i tabl e revegetat ion techni ques . 

I f  borrow areas are sel ected a l ong the Santa Cruz R i ver ,  they 
wi l l  be confi ned to the ri ver bed and wi l l  not impact adjacent bank1 i ne 
ri par ian hab i tat . 

The "green-up" area upstream of the di  kes wi  1 1  be fenced to 
precl ude cattl e graz i ng and fu rther offset the downstream hab i tat l osses , as 
recommended by Federa l and State wi l d l i fe agenc i es .  

Al l reasonabl e and prudent a l ternati ves i dent i fi ed by FWS to 
avo id  j eopard i z i ng the ex i s tence of any federa l ly l i sted , proposed or 
cand i date pl ant spec ies  wi l l  be impl emented . 

b .  W i l d l i fe 

The top port ion of the s i de s l opes of the canal l i n i ng 
extend i ng 5 feet vert i ca l ly  bel ow the top of the 1 i n i ng wou l d  recei ve a 
nons k i d , l ong i tudina l ly-brushed fi n i s h to fac i l i tate ex i t  by sma l l an ima l s  
wh i ch may fa l l  i n .  The des i gn of anima l  defl ectors , escape ramps , and one-way 
gates for the removal of b i g  game from the aqueduct i s  under study by the 
Bu reau and other i nterested agenc i es .  If such escape dev i ces prove feas i b l e 
and practi cal , they wou l d  be i nstal l ed i n  the aqueduct a l ong sel ected reaches 
of known game concentrat ion and mi gration routes . 

Wi l d l i fe-proof fenc i ng w i th zero ground c l earance wou l d  be used 
a l ong canal secti ons wh i ch present a s i gn i ficant drown i ng hazard . Des i gn of 
th i s  fence wou l d be determi ned after consu l tati on w i th i nterested agenc ies . 

Mi t i gat i on for movement severence wi l l  i n� ude the acqu i s i ti on 
and management of a wi 1 d 1 i fe movement corri dor ( 4 . 25 mi ) i n  T . 14S . R . 1 1 E .  , 
Secti ons 10 , 1 1 , 14 , and 15  and SW 1/4 of T . 14S . R . 1 1E .  Sect ion 2 wh i ch wou l d  
be tu rned over to a natura l  resource agency for management as wi l d l i fe 
hab i tat .  Management requ i rements of the wi l d l i fe corri dor i nc l ude : 

Tu rn l and over to a resource management agency . 
No further res i dent i a l  or i ndu stria l  devel opment .  
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Excl ude graz i ng , ml n l ng ,  dump i ng and off-road veh i c l es .  
Concentrate the l ocati on of wi l d l i fe cros s i ngs  over the 
aqueduct i n  th i s  area . 
Ma i nta i n  and improve present or s imi l ar water s i tes (wel l s  
and tanks ) on th i s  l and . 
A standard BLM l i vestock fence wi l l  be constructed and 
modi fi ed i n  such a manner to excl ude cattl e but permi t 
movement of wi l d l i fe .  

Wi l d l i fe wateri ng s i tes wi l l  be constructed a s  part of the 
aqueduct construction prior to aqueduct comp l etion . The fi nal  number , 
l ocat ion , and des i gn of these watering  structu res wou l d be determi ned through 
negoti ati on wi th i nterested wi l d l i fe agenc i es pr ior  to f ina l  des i gn of the 
aqueduct . 

Construct ion d i stu rbance wou l d be mi nim i zed from January 1 to 
June 1 wi th i n  one-ha l f mi l e  of Harri s ·  hawk nests . No new hau l roads , 
equ i pment yards or other rel ated i mpacts off of the ri ght-of-way of the Phase 
B area wou l d  be permi tted off the r ight-of-way in these areas . 

Impacts to the desert torto i se and the G i l a  monster wi l l  be 
l essened by construct i ng barri er fences a l ong port ions of the canal known to 
support desert torto i se and G i l a  monster popu l at ions to prevent drown i ng 
l os ses and a search and removal of spec i es a l ong the r ight-of-way prior to 
construct i on .  

Contractor crews wi l l  b e  d i scou raged from col l ecti ng or 
unnecessari ly  di sturb i n g  desert torto i se or G i l a  monsters duri ng construction . 
Tortoi ses found i n  the constructi on area shou l d  be g i ven to the Rec l amation 
In spectors , a l ong wi th the i r l ocation , for removal from the area . 

Al l powerl i ne po l es wi l l  be of a des i gn that wi l l  prevent 
el ectrocuti on of raptors . 

Transmi s s i on l i nes wi l l  be mon i tored for the e l ectrocution of 
raptors . I f  adverse effects are d i scovered , appropr iate spac i ng and/or 
i nsu l tat ion modi f i cat ion wi l l  be made . 

The m it i gat i on p l an wou l d  i nc l ude construct ion of 
s i ng l e-purpose wi l d l i fe cros s i ngs , a l ong wi th veh i cu l ar bri dges , overchutes 
and other cross i ngs  wh i ch wou l d  a l so be mod i f ied for use by wi l d l i fe .  The 
f ina l  number and l ocati on of these cros s i ngs wou l d  be determi ned through 
negoti ation w i th the FWS and the AGFD prior to fi nal  aqueduct des i gn i ng .  

Al l wi l d l i fe cross i ngs  and wateri ng s i tes wou l d  be mon i tored to 
determi ne use and to i nsure that they are properly l ocated . The enti re l ength 
of the aqueduct wou l d  be mon i tored to determi ne i f  add i t i onal wi l d l i fe 
cros s i ngs  or  other mi ti gat i on measures are needed . 

A study to mon i tor k i t  fox popu l at ions and the i r  response to 
the aqueduct wi l l  be impl emented to del i neate probl ems and suggest mi ti gation 
measures i f  needed . 

A l l stock tan ks wh i ch are not i n  the construct i on ri ght-of-way 
wi l l  be l eft und i sturbed . Stock tanks  wh i ch wi l l  be removed due to 
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construction or dewatered due to pl acement of fl ood protection structures 
wou l d  be rebu i l t  i n  areas where fl oodfl ows can be i ntercepted . 

Add i t i onal m it i gati on recommended by the FWS , AGFD , BLM and 
others wou l d  be impl emented as appropri ate . 

3 .  Cu l tura l  Resources 

A p l an i s  bei ng devel oped i n  cons u l tati on wi th the State H i s toric 
Preservati on Off icer , the Keeper of the Nat i onal  Reg i ster of H i stori c P l aces , 
and the Adv i sory Counc i l on H i stori c Preservat ion to mi t i gate the adverse 
affects to s i gn i fi cant cu l tu ra l  resources . Th i s  wi l l  cons i st of data 
col l ecti on s tud i es at 32 preh i s tori c archaeol og i cal  s i tes l ocated wi th i n  the 
impact corridor . 

I f  evi dence of prev i ous ly  unrecorded cu l tu ra l  resources i s  
d i scovered duri ng construction , operati ons i n  the v i ci n i ty of the d i scovery 
wi l l  cease unti l an as ses sment of s i gn i fi cance i s  made and appropri ate 
mi t i gat ion measures , i f  necessary ,  are comp l eted . 

4 .  Soc i a l Resources 

Persons that must rel ocate the i r res i dence are e l i g i b l e  for 
rel ocat i on ass i s tance and benefi ts i n  accordance wi th the Un i form Ass i stance 
and Real  Property Acqu i s i tion Pol i c ies  Act of 1 970 . Rel ocat ion benefi tes are 
separate from and i n  add i t i on to money pa i d  as compensat i on for property 
acqu i red . Persons who are d i sp l aced wi l l  be offered as s i stance i n  re l ocati ng 
to s u i tabl e  rep l acement property and i n  applyi ng for monetary benefi ts for 
wh ich  they may be e l i g i b l e .  

5 .  V i sua l  Resource 

Landscap i ng measures wi l l  be i nc l uded for each pump i ng p l ant , and i f  
appropriate , aqueduct reaches . 

Suffi c i ent numbers of saguaros and other cacti wi l l  be removed and 
stockp i l ed from the constructi on zone to be transpl anted at pump i ng pl ants or 
a l ong the aqueduct at spec i f i c  areas . 

D i kes and cut s l opes wi l l  be benched , terraced or furrowed to reduce 
eros i on and a i d  i n  revegetati on . 

Construct i on-d i sturbed areas wi l l  be seeded wi th nat i ve and/or xeri c 
adapted perenn i a l  pl ants and gras ses . Revegetati on efforts wi l l  be 
coord i nated wi th i nterested l ocal  agenc i es and i nput wi l l  be sought i n  
devel opi ng f ina l  revegetat ion p l ans . 

The use of cobbl e or  g ravel cover or p l acement of l andscape stone on 
cut s l opes or d i ke s i de s l opes wi l l  be cons i dered as  a means to reduce 
eros i on ,  and enhance revegetati ve success .  

Metal canal  structures , such as p i pe overchutes , wi l l  be pa i nted a 
col or chosen to reduce v i s i b i l i ty .  
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Concrete canal  structures such as br i dges and fl ume overchutes sha l l 
rece i ve a su rface treatment to reduce v i sual  contrast to the adjo i n i ng desert . 

Cha i n  l i nk  securi ty fenc i ng options such as the PVC-coated type to 
reduce refl ecti ve g l are ,  wi th fence posts and fabr i c of a col or chosen to 
reduce v i s i bi l i ty ;  or i f  such materi a l  i s  determi ned uns u i tabl e for desert 
c l i mates , the gal van i zed fence wi th a du l l  coat sol u t i on to reduce g l are wi l l  
be cons i dered . 

Non-specu l ar conductors wi l l  be used a l ong the ent i re l ength of the 
transmi s s i on l i ne i n  order to reduce v i sual  impacts . 

6 .  Water Resources 

Longstand ing  water ponds that may occur beh i nd d i kes or spo i l banks 
wi l l  be mon i tored for vectors . County heal th authori t ies wi l l  i mpl ement 
vector control measures i f  necessary .  I n secti c i des wi l l  on ly be app l i ed to 
areas where i t  cannot enter the aqueduct water .  

Use  of  pest i c i des a l ong the  Tucson Aqueduct wi l l  conform wi th the 
requ i rements of the Federa l Env i ronmenta l Pest i c i de Control  Act of 1972 ( P . L .  
92-516 ) ,  pol i cy and regu l at i ons of the Department of the I nter ior , appl i cabl e 
Execut i ve Orders , or subsequent and amendatory l aws , regu l ati ons , and orders . 

7 .  Compl iance W i th Other Env i ronmenta l Laws and Regu l at i ons 

In  addi t ion to meeti ng a l l of the above envi ronmenta l commi tments , 
the contractor ( s )  i s/are respons i b l e  for compl i ance w i th appl i cab l e  Federa l , 
state , and l oca l l aws and regu l ati ons concern i ng the envi ronment .  Exampl es 
i nc l ude the Ari zona Groundwater Management Act of 1980 and P ima County a i r  
qual i ty regu l at i ons regard ing  travel on P ima County roads . 

8 .  Changes i n  the P l an 

Shou l d  changes i n  the p l an or refi nements i n  des i gn resu l t  i n  
envi ronmenta l impacts wh i ch are s i gn i fi cantly d i fferent from those descri bed 
i n  the E I S , an envi ronmenta l eval uati on wi l l  be made and documented i n  
accordance wi th the Nat i onal  Envi ronmenta l Pol i cy Act . 
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APPEND IX  G 

CUMULAT IVE IMPACTS OF THE PROPOSED ACT ION AND 
OTHER RECLAMATION PROJECTS 





G .  Cumu l at i ve Impacts of the Proposed Acti on and Other Recl amati on 
Projects 

The Tucson Aqueduct , Phase B i s  part of the CAP Aqueduct and 
Pumps Project , wh i ch i s  one of n i ne maj or proj ects i n  the Lower Col orado R i ver 
Bas i n  ( LCRB ) under constructi on or in  advance p l ann i ng by the Bureau of 
Recl amat ion . These projects are : 

Regu l atory Storage 
CAP Transmi s s i on L i nes 
CAP Regu l atory Storage D i v i s i on ( P l an 6 )  
Buttes Dam (or  s u i tab l e  a l ternati ve )  
Hooker Dam ( or su i tab l e  a l ternati ve )  
Col orado R i ver Front Work and Levee System 
Col orado Ri ver Bas i n  Sa l i n i ty Control Project ( T i tl e  I )  
Col orado R i ver Water Qual i ty Improvement Program ( Ti t l e  I I )  
Hoover Dam Mod i f i cati ons 

The l ocati on of these projects wi th i n  the LCRB i s  s hown on F igure G-1 .  

Cumu l ati ve impacts of these Recl amati on projects are asses sed 
i n  th i s  secti on of the E I S .  The impact asses sment has been scoped to focus on 
fou r  major i s sues : soci oeconomi cs ( i nc l ud i ng impacts to crop producti on , 
power devel opment ,  recreation , and emp l oyment opportun i ti es ) ,  b i o l ogi ca l  
resou rces ( i nc l u d i ng aquat i c  and terrestri a l  b i ot i c  commu n i t i es ) ,  water 
devel opment and avai l ab i l i ty ,  and water qual i ty ( sa l i n i ty ) . Exi st i ng data 
from envi ronmenta 1 i mpact statements and pl ann i ng reports for the projects 
were used to perform the asses sment .  A major source of basel i ne data was the 
Lower Co l orado Reg i on Comp rehens i ve Framework Study prepared by the Lower 
Co l orado Reg i on State-Federa l  I nteragency Group for the Pac i fi c Southwest 
I nteragency Commi ttee ( 1972 ) .  

Impacts were as sessed u s i ng the fol l owi ng major assumptions : 

1 )  eXi st i ng , acces s i b l e basel i ne data wou l d  be used 

2 )  Recl amat i on projects i n  the LCRB u nder constructi on or i n  
advance pl ann i ng wou l d  consti tute the acti on bei ng asses sed 

3 )  projects wou l d  be operati ona l by the year 2000 

4 )  b i o l og i ca l  i mpacts wou l d  be assessed a s  the di fference between 
future-wi thout and the future-wi th condi ti ons i n  the year 2000 

5) soci oeconomi c and water resources impacts wou l d  be as sessed 
us i ng a zero basel i ne 

1 .  Soc i oeconomi c Resources 

Tab l e  G-1 presents a s ummary of ant i c i pated soc i oeconomi c  
impacts o f  water resource deve l opment projects , e i ther pl anned o r  under 
construct i on ,  i n  the LCRB . Two categories of projects are asses sed : 
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Tabl e 6-1 

SUIOWlY 01' ISTlKATED. SOCIOBCONOKIC lHPACTS OP WATER. I.&SOURCE D£VELOPMEIn' PROJECTS , PLAKIIED OR. UNDER CONSTllUCTION, 
LOWER COLOI.ADO UVER. BASIN, YI!AII. 2000 

' 

PROJECT TYPE/T ITLE 

o USII.VO 11./ AQUEDUCT fIlOJECTS 

Central Arlzona Project (PElS (972)a 
Regulatory Stora�e Dlvlalon ( DEIS 1983) 
Puapa and Trana.lae�on Linaa Bu�U8 D_ 
Ro'ou r D_ 
Granlte Reef Aqueduct 
Salt-Gl1a Aqueduct 
Tucaon Aqueduct 

Hoover � Modlflcatlona ( DEIS 1980) 

I.&SI!&VOIK/ AQUEDUCT SUBTOTAL 

o WATER QUALITY DI!'R0VEKEIn' PROJECTS 

c..lorado I.1ver Baaln Sa linlty 
Project (Tltle 1) 

MoJ ave- Coachella (DEIS 1974 )  
YumA Project ( DIIS 1976) 

Colorado River Water Quallty 
laprovement Project (Tltle I I )  

Colorad" River Indlan 
Reaervat lon Unlt ( PElS 1976) 

Laa Vegaa Wa.h ( PElS 1976) 
La Va rkln Sprlnge Unlt Utah 

(Paaalbl 1 1 ty Report 1973) 
Palo Verde Irrlgatlon Dlatrlct 

Unlt (PElS 1976) 

WATER QUALITY DlPROVEKEHr SIJaTOfAL 

� 

EKPLOYKltnb 
(lluaber of Joba) 

(Conatructlon or 0&") 

IUC 
IU 

3 (0&") 
3 (0&") 

600 (cona t )  
X U  

420 (conat ) 
3 (0'") 

1, 020 (conat) 
9 (0&") 

lU 
3 (0&") 

IU 

lU 
24 (0&") 

lU 

100 (conat) 
47 (o&H) 

1, 120 (conat) 
56 (O&H) 

aDate In pa ranthe a.a lndlcataa year that anvlronaantal tepact atate .. nt �a publhhad. 

CROP 
PRODUCTION 

0 ,000 acrea) 

MAd 
IIA 
MA 
MA 

NA NA NA 

MA 

37 . 3  (10 .. ) 
0.4 (galn) 

93.0 (saln) 

0.8 (10 .. ) IIA 
IU 

56. 5  (nat gain) 

4 7 1 . 0-427. 7 
(nat laln) 

POWEll 
DIVELO�NT 

(GWh/yr)a 

-224 . 6  -2 , 073 . 0 
IU 
IU 
MA 
MA 
MA 

+1 , 493.0 

-804. 6 

-424.0 

IU 

-62.8 • 
-30. 3 

IU 

-522. 5  

-1 , 327. 1 

I.ECI.EATlONf 
( 1 , 000 recreatlon daye) 

(. traa. or reservo l r )  

12.6 ( a t r )  986. 9 ( rea) 
MA 
NA 

32. 0  (atr) 820 . 7  ( rea) 

MA 
MA IIA 

44. 6  (atr) 
1 . 807.6 (raa ) 

IlAf 
MA 

"" 
IIA MA 
IIA 

III 

44.6 (atr) 
1 , 807.6 (rea) 

b£atlaate of number of nev joba creatad throUSh conatructlon or operatlona and .. lntananca .. a dlract reault of propoaad proJact. 
c lnforaa tlon unavallable. 
dNA danot .. not appl lcab l a .  
alatleatad annual po ve r  .aneratad (+) or conauaad (-) l n  11 ... a t t  houra. 
fRacraatlon deaand eatleatad for yaar 2000 ln aonual racraation daya with aaparata projactlona for atra .. -orlantad .. oppoaa4 to 

raaarvolr-orlantad . 

e e 
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HOOVER DAM MODIFICATIONS . . . . . . . . . . . . . . . . . CD 
COLORADO RIVER BASIN 
SALINITY CONTROL PROJECT (TITLE I) 

YUMA PROJECT . . . . . . . . . . . . . . . . . . . . . . . . . . . .  ® 
M O JA V E  - COACHELLA PROJECT . . . . . . . . . . . ® 

COLORADO RiVER WATER QUALITY 
IMPROV EMENT PROGRAM (TITLE ]I )  

LAVERKIN SPRINGS UNIT . . . . . . . . . . . . . . . . . . . 8) 
LAS VEGAS WASH UNIT . . . . , . . . . . . . . . . . . . .  , ® 
COLORADO RIVER INDiAN RESERVATiON UNIT® 
PALO VERDE IRRIGATION DiSTRICT UNIT . . . . . (1) 

COLORADO RIVER FRONT AND LEVEE SYSTEM ® (EXTENDS DOWNSTREAM FROM LAKE MOHAVE) . .  8 
CENTRAL ARIZONA PROJECT 

AQUEDUCTS, PUMPS AND TRANSMISSION LINES ® 
BUTTES DAM . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . @ 
HOOKER DAM . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ® 
PLAN 6 

WAD DELL DAM . . . . . . . . , . . . . . . . . . . .  , . . . . . .  @ 
CLIFF DAM . . . . . . . . . . . . . . . . . . . . . . , . . . . . . . .  @ 
STEWART MOUNTAIN DAM . . . . . • . • . . . . . . . .  @ 
ROOSEVELT DAM . . . . . . . . . . . . .  , . . . . . . . .  , .  @ 



reservo i r/aqueduct projects and water qual i ty improvement projects . Because 
the character of these projects is not comparab l e ,  impacts associ ated w ith 
each category or type are d i scus sed separate l y .  However ,  Tabl e G-1  l acks 
compl eteness i n  that ex i st i ng data are not suffi c i ent to devel op a 
comprehens i ve i mpact ana lys i s .  

a .  Reservoi r/Aqueduct Projects 

As shown i n  Tab l e  G-1 , as a resu l t  of the construct ion of 
components to the CAP and Hoover Dam Mod i fi cati ons , approx imate ly  1 ,020 
tempora ry construct i on jobs and 9 permanent jobs wou l d  be created . 
Add i t i ona l l y ,  recreati on fac i l i ty demand of the new water bod i es has been 
estimated at approxi mately 44 , 600 annual  recreat ion days for stream-oriented 
use and approximately 1 . 8 mi l l i on annua l recreat ion days for 
reservoi r-oriented u se .  

b .  Water Qual i ty Improvement Projects 

As a d i rect res u l t of the water qual i ty improvement 
projects in the LCRB , there wi l l  be an i ncrease of approximately 57 ,000 acres 
of product i ve crop l and . Approximately 100 constructi on jobs and 47 permanent 
jobs wou l d  be created by these projects . Due to the pu rpose and natu re of the 
projects , there wi l l  be no impacts for power devel opment or recreati on . 

c .  Combi ned Impacts 

An estimate of tota l reported soci oeconomic  i mpacts i n  the 
year 2000 for water devel opment projects i n  the LCRB i s  as fol l ows : 

CROP PRODUCT ION : 57 ,000 acres net ga i n  

EMPLOYMENT 

Construct i on :  
Operation : 

POWER DEVELOPMENT : 

RECREATION DEMAND 

1 , 120 construct i on jobs 
56 O&M jobs  

370 to 1 520 megawatt potent i a l  at Hoover Dam 

Stream-Oriented : 44 , 600 annual recreati on days 
Reservo i r-Oriented : 1 ,807 ,600 annual  recreat ion days 

2 .  B i ol og i cal  Resou rces 

The b i o l og i cal  resource basel i ne of the LCRB i nc l udes b i ot ic  
commun i t i es rang i ng from desertscrub to a l p i ne tundra . The natural  b i ot i c  
commu n i t i es a s  descri bed i n  data ( Lower Co l orado Regi on Framework Study )  
i nc l ude not on ly  the natura l commun i t ies shown i n  F i gu re G -2  b ut  aquat i c  
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ri pa rian communi t ies and agri cu l tural  and devel oped urban l ands . Tab l e G-2 
g i ves the approx imate range of these communi t ies . 

As can be seen i n  F i gu re G-2 and the data presented i n  Tab l e 
G-2 ,  desertscrub  and wood 1  ands , scrub , and grass 1  ands formations consti tute 
the major port i on of the cover types occurri ng i n  the Lower Col orado Reg ion . 
R i par ian and aquati c commun i t i es , as shown i n  F i gu re G-3 , are i denti f ied wi th 
the dra i nage pattern , of wh i ch some 1 , 700 mi l es are represented on the ma i n  
dra i nage as perenn ia l  stream . The dra i nage pattern wi th mi nor perenn i a l  
streams i nc l udes some 2 , 500 mi l es of dra i nage . The maj or sou rce of the Lower 
Col orado R i ver  dra i nage i s  the Mogo l l on Ri m and Wh i te Mounta i n  area , 
represented as the cross -hatched area i n  F i g ure G-3 . Lakes and reservo i rs 
represent approx imately 531 squa re mi l es of water s u rface . 

The estimated change between the 1972 basel i ne and the 
future-wi thout Recl amat ion projects i s  s hown in Tab l e  G-2 . C l ea rly the major 
percentage change anti c i pated i s  i n  the agr icu l tura l  and devel oped l ands and 
r i par ian communi ties . Some 48 percent growth i n  u rban and deve l oped l ands i s  
anti c i pated over the 1972 basel i ne a t  year 2000 . Agri cu l tura l  l ands wi l l  be 
converted to u rban l ands , and approxi mately 2 . 5  percent of the ri pari an 
commun i ti es wi l l  be l ost  by the year 2000 . 

The fu tu re-wi th Recl amation projects at year 2000 shows that , 
aga i n ,  most  of the i mportant change wi l l  occur wi th urban l and and ri parian  
communi t ies . I n  add i t i on ,  perenn ia l  stream and  l akes/reservo i rs wi l l  undergo 
change between the future-wi thout and future-wi th . A compos i te l oss  of about 
7 percent of the r i parian commun i t i es i s  expected by the year 2000 , of wh i ch 
approx i mately 5 percent resu l ts from Recl amat ion projects . Th i s  represents a 
rather important change i n  th i s  1 imi ted resou rce . Ri pari an commun i t i es are 
known to harbor a great dea l of wi l d l i fe i n  the Southwestern deserts and the 
l oss , therefore , i s  s i gn i f i cant from the standpo i nt of resou rce qual i ty ,  
wi l d l i fe d i vers i ty ,  and un ique resou rce . 

The CAP wi l l  i nvol ve conveyance of water to centra l Ari zona . 
Th i s  wi l l  serve as a new water sou rce for i nteri or Ari zona . Some 14 square 
mi l es of add i t i onal  water surface are expected to be devel oped by the year 
2000 because of Recl amation projects , most  of them associ ated wi th CAP . Th i s  
ga i n  i n  l a ke and reservo i r  su rface area wi l l  not necessari ly  enhance the 
qual i ty of fi sheries , a l though several new bod i es of water wi l l  be added to 
the watershed . These i nc l ude the C l i ff Reservo i r  on the Verde Ri ver and an 
en l arged Waddel l Reservoi r  at Lake P l easant , as we l l  as reservo i rs associ ated 
wi th Hooker and Buttes Dams on the G i l a  Ri ver . Some 21 mi l es of exi st i ng 
perenn i a l  streams wi l l  be l ost  by the en l argement of reservo i rs and 
devel opment of new i mpoundments . The l oss  of the perenn i a l  stream wi l l  affect 
ri veri ne fi sheri es and ri veri ne aquat ic  commun i ti es associ ated wi th these 
s pec if i c  l ocal es . 

Several  Federa l endangered spec i es occu r wi th i n  the Lower 
Col orado regi on and wi l l  be affected by the va rious  projects menti oned above . 
The ba l d  eag l e ,  peregri ne fa l con , Yuma c l apper ra i l ,  G i l a  topmi nnow , Co l orado 
R i ver squawfi sh , woundfi n ,  humpback chub , and bony tai l ed chub ut i l i ze ri pari an 
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Tabl e G-2  

BIOTIC COMMUNITIES OF THE LOWER COLORADO RIVER BASINa 

Ex1 sUngb 
Condition 

Future 
Without 

Future
without 
change (% )  

Future
With 

Impact 
Impact Change (% )  

Sonoran Desertscrub 

Chihuahuan Desertscrub 

Mohave Desertscrub 

Great Basin Desertscrub 

Woodlands , Scrub , and 
Grassland Formations 

Fores t and Tund ra Formation 

Agricul tural Lands 

Urban and Developed Lands 

Riparian Communities 

Perennial stream and 
Riverine Communities 

Lakes and Reservoirs 
(Lacustrine Communities ) 

Miscellaneous 
(Non-vegetated Landscape ) 

TOTAL 

35 , 67 1  35 , 540 

2 , 009 2 , 009 

12 , 534 12 , 534 

13, 355 13, 355 

62 , 923 62 , 923 

1 0 , 191  10 , 19 1  

2 , 838 2 , 581 

80 1 1 , 193 

166 162 

( 1 , 700 miles in 
maj or drainage ) ( 1 , 700) 

53 1 531 

1 19 1 1 9  

1 4 1 , 138 141 , 138 

-0 . 4  

o 

o 

o 

o 
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-9. 1 

+48. 9 

-2 . 4  

o 

,0 

o 

35 , 49 1  -49 

2 , 008 -1 

1 2 , 532 -2 

13 , 255 o 

62 , 922 -1 

10 , 19 1  o 

2 , 580 -1  

1 , 24 1  +4 8  

154 -8 

( l , 679 ) (-2 1 )  

545 +1 4 

1 19 0 

14 1 , 1 38 

aCommunities given in square mile s ,  except perennial stream (mi les ) .  
b Lower Colorado Region Framework Study , State-Feder,al Interagency Group , 1972. Lower 

Colorado Region Framework Study: Fish and Wildlife , Appendix XI II.  
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and aquat ic  hab i tats i n  the dra i nage . These speci es wi l l  not , for the most 
part , be affected by these projects except i n  l ocal i zed areas . The other 
projects wi l l  have l i tt l e  effect on these endangered spec ies  except for the 
l oss  of some Yuma c l apper ra i l  habi tat i n  the extreme southern reach of the 
Col orado Ri ver at the I nternat ional  Boundary .  

3 .  Water Deve l opment and Ava i l ab i l i ty 

a .  Water Sou rces and Al l ocati ons 

Water i n  the LCRB comes ma i n ly from three sou rces : 
prec i p i tation , the Col orado R i ve r ,  and the ground water system . Some 
water i s  used more than once through i rr igat i on ta i l water col l ect i on 
and wastewater treatment pl ants . 

d i rect 
of th i s  
systems 

Prec i p i tat ion over the LCRB varies w i th t ime of year ,  
el evati on , and l ocati on . Much of the prec i p i tation fal l s  on areas away from 
potentia l  users . The port ion of th i s  water wh i c h  does not evaporate ei ther 
i nfi l trates i nto the so i l  or becomes overl and f l ow towards the Col orado Ri ver .  
S i gn i ficant efforts have been made i n  parts of  the LCRB to control  these fl ows 
and store the water for benefi c i a l  u se at the l ocati ons and t imes when users 
need the water , through construct ion of reservo i r i mpoundments and other 
measures . 

The Col orado Ri ver enters the LCRB from the Upper Col orado 
Ri ver Bas i n  at Lees Ferry i n  north central Ari zona . Th i s  d i v i d i ng po int  was 
establ i s hed as part of the Col orado R i ver Compact of 192 1 . The Compact 
further apport i ons to both the upper and l ower bas i ns 7 , 500 ,000 af of water 
per year from the Col orado Ri ver system . Arti cl e I I I ( b }  apporti ons an 
add i t ional  1 ,000 ,000 af annual ly  for benefi c i a l u se to the Lower Basi n .  I n  
the  summer of  1952 , the State of  Ar i zona i n i ti ated an  i nterstate s u i t  i n  the 
Supreme Cou rt of the Un i ted States aga i nst  Cal i forn i a  and others to confi rm 
i ts t i t l e  to Col orado R i ver water .  On June 3 ,  1963 the Supreme Court rendered 
an op i n i on on Ari zona ' s  enti t l ement to Col orado R i ver water .  Subsequently , on 
March 9 ,  1964 , the Supreme Cou rt decree i n  Ari zona vs . Cal i forn i a  confi rmed 
Ari zona ' s  enti tl ement to 2 ,800 ,000 af annual ly of the first 7 , 500 ,000 
acre-feet of Col orado Ri ver ma i n  stem fl ow avai l ab l e  to the Lower Bas i n  
states , pl us  46 percent of fl ows i n  excess of 7 , 500 ,000 a f  ( Central Arizona 
Project F ina l  E I S , USBR , 1972 ) .  

A l l ocat i ons of Co l orado Ri ver water �re shown be l ow :  

Al l ottee Al l ocation {af/.x:r} 

Cal i forn i a  4 , 400 ,000 
Ari zona 2 ,800 ,000 
Nevada 300 ,000 
New Mex i co 18 ,000 

Tota l I nd i v i dual  
A l l ocat i ons 7 , 5 18 , 000 

LCRB Ent i tl ement 7 , 500 ,000 
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I n  add i ti on there i s  1 , 500 , 000 af of Co l orado Ri ver supply 
requ i red for Mex i co .  As can be seen from th i s  i nformation , more water i s  
a l l ocated than i s  norma l ly avai l ab l e .  An order of precedence has been 
estab l i shed to guarantee m in imum del i veries to sen i or water users . Users wi th 
l ower precedence may not rece i ve thei r tota l a l l ocati ons i n  years when the 
runoff i s  l ess  than the tota l shown above and ma i n  stem storage reservoi rs are 
l ow .  

Ground water i s  u sed extens i vely i n  the LCRB . Thi s  i s  
espec ia l ly  true i n  ar id  reg i ons where ground water l evel s have been fal l i ng 
s i gn if icantly in recent years as pump i ng exceeds recharge . 

b .  Water Control Fac i l i t i es 

Ex i st i ng fac i l i ties for water control i n  the LCRB cons i st 
of water conservati on and d i stribut i on faci l i t i es .  A l ong the mai n  stem of the 
Lower Col orado Ri ver ,  there are three water rec l amati on dams and three 
di vers i on dams . The G i l a  R i ver bas i n  i nc l udes numerous fac i l i t i es to store 
and d i vert water as we l l  as  several  fl ood control  features . Major water 
control features i n  the LCRB are l i sted bel ow :  

Locat ion Name 

Col orado R i ver Ma i n  Stem 

G i l a  R i ver Bas i n  

G i l a  R i ver 

Sal t R i ver 

Verde R i ver 

Aqua Fri a  R i ver  

Hoover Dam 
Dav i s Dam 
Parker Dam 
Imperi a l  Dam 
Laguna Dam 
Morel os Dam 

Cool i dge Dam 
AShurst-Hayden Dam 
G i l l esp ie  Dam . 
Pa i nted Rock Dam 

Theodore Roosevel t Dam 
Horse Mesa Dam 
Monnon Fl at Dam 
Stewart Mounta i n  Dam 
Grani te Reef Dam 

Horseshoe Dam 
Bartl ett Dam 

Wadde l l Dam 

Pu rpose 

Water Devel opment 
Water Devel opment 
Water Devel opment 
D i vers i on 
D i vers i on 
D i vers i on 

Water Devel opment 
D i vers i on 
D i vers i on 
Fl ood Control 

Water Devel opment 
Water Devel opment 
Water Devel opment 
Water Devel opment 
Di vers i on 

Water Devel opment 
Water Devel opment 

Water Devel opment 

These water devel opment features serve to capture surface 
water for use  i n  the serv ice areas of the respective water user groups . Much 
of the potent ia l  runoff i s  control l ed and used benefi c i a l ly  for agri cu l tural , 
mun i c i pal , and i ndustri a l  purposes i n  the LCRB . I nfrequent runoff events 
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exceed the storage capac i ty of the ex i sti ng reservo i rs and fl ood i ng occurs 
w i th a l os s  of potent i a l ly  usefu l water.  

The fac i l i t i es now ex i s t  to comp l etely d i vert or store a l l 
of the surface water i n  the LCRB . Consequentl y ,  only on rare occa s i ons does 
the Col orado R i ver fl ow i nto the Gu l f  of Ca l i forn i a .  

c .  Cumu l at i ve Impacts to Water Ava i l ab i l i ty 

Rec l amat ion has vari ous water-rel ated projects proposed or 
under cons truct i on i n  the LCRB . Tab l e  G-3 shows the changes i n  water supply 
wh i ch wi l l  res u l t from operat ion of the projects . 

The tab l e  shows a l os s  of 206 ,000 af/yr from the Col orado 
R i ver ma i n  stem as a resu l t  of reservo i r/aqueduct projects . A l l of th i s water 
wou l d  not necessari ly  reach the ma i n  stem under ex i st i ng cond i t i ons , as much 
of the water wou l d  enter the g round water system before reach i ng the Col orado 
R iver .  

The cumu l at i ve impact of the  Rec l amat ion projects i s  that 
water wi l l  be taken from the Col orado R iver ma i n  stem . Th i s  water wi l l  come 
from a l l ocati ons a l ready made to the new users ( those who wi l l  d i vert the 
water ) . It i s  not ant i c i pated that norma l fl ows i n  the Col orado R iver wou l d  
be affected by the proj ects . Most of the water devel oped by the proposed 
projects i s  fl ood water wh i ch wi l l  be prevented from enteri ng the ma i n  stem of 
the Co l orado Ri ver.  F l oodwaters are known to recharge ground water systems 
a l ong the r i vers , and the fu l l  extent of reduced f l ood fl ows has not yet been 
determi ned . The impacts cau sed by the projects l i sted above of reduced fl ood 
fl ows a l ong the ma i n  stem are cons i dered i ns i gn i fi cant .  

4 .  Water Qual i ty 

a .  Ex i st i ng Condi t ions 

Water qua l i ty ,  primari ly  sa l i n i ty var ies greatly over the 
LCRB . Most surface water i s  of good qual i ty and wi th standard water treatment 
methods meets dri n k i ng water requ i rements . I n  genera l , ground water is of 
poorer qual i ty than the surface water but can a l so be treated to meet dri nk i ng 
water standards . There are , however ,  l ocati ons where the surface water and/or 
ground water qual i t i es are s i gn i fi cantly l ower than the rest  of the bas i n .  

The Col orado Ri ver Bas i n  i s  a l a rge bas i n  wi th substanti a l  
agri cu l tura l  and i ncrea s i ng urban devel opment .  The qual i ty of  retu rn fl ows to 
the Col orado Ri ver has been dec l i n i ng and the d i vers i ons from the ma i n  stem 
have depl eted the fl ow substant i a l l y .  As a resu l t ,  the qual i ty of the water 
i n  the Col orado Ri ver as wel l as some other tri butar ies has been decl i n i ng .  
Sa l ts from natural  sources such as sal i ne spri ngs , as wel l as manmade sou rces , 
i . e . , retu rn fl ows of i rri gated farml ands are the primary contri butors to th i s  
decl i ne .  
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Tab l e G- 3 
LCD W4TU AVAILABILITY IMPACTS 

PROJECT TYPE/TITLE 

o RESERVO IR/AQUEDUCT PiOJECT 

Central Arlzona Proj ect ( PElS 1972 )a 

Regulatory Storage Dlvl.lon (DIIS 1983) 
Pu.pa and Treneai •• lon Line. 

Butte. Dam 
Hook.er Dam 

Granite Reef Aqueduct 
Salt-Glla Aqueduct Tuc.on Aqueduct 

Hoover Dam Modl f icatlon. ( OI lS 1980) 

RESERVO IR/AQUEDUCT SUBTOTAL 

o WATU QUALITY lKPiOVEKENT I'II.OJECTS 

Co lorado River Ba.ln Sallalty 
Proj ect (Tltle 1 )  

Mojave - Coachella ( OI lS 1 974 ) 

Yuma Proj ect ( OIlS 1976 ) 

Colorado River Water Qual lty 
L.provement Project (Tltle 1 1 )  

Colorado River ladlan 
Re.ervatloD Unlt ( PIIS 1 9 76) 

La. V.ga Wa.h <PElS 1976) • 

La Verk.iD Spr1ns. Unlt Utah 
( Concludlng Re,ort 1981) 

Palo Verde IrrigaUoa Dl.trict 
Unlt ( FIlS 1976) 

WATER QUALITY lHPIlOVEKENT SUBTOTAL 

TOTAL 

Anoual Vol ... of KalD 
St_ ColorMo liver Water 

Affected (af ) c-Dte 

0 . 034. 000) 

- 1 38 . 000 IIA 
-so . 000 
-18. 000 

IIA 
NA 
NA 
NA 

-206.-000 

+1 32 . 000 

+1 6 . 200 

IUb 

-3 . 600 

-2 . 4 70 

IU 

+I4].flO 
- 63. 870 

Arl&ona allocatlon of ColorMo River veter now 
de llvered to Call fornla (DO gaiD or 10 •• ) 

Incr .... d yleld through operat loD lnclude. 
local flood vater and _ce •• flow OD 
ColorMo _lD .t_ 

Flood vater capturM for lrrlgatlon uee Nev Mexlco LClI .llocation of Colorado Rlver 
vater throUib exchange 

Canal 11n1ns aad other iaprov ... nt. reduce 
lrr!gatlon 10 .... 

Canal 11n1R8 and other t.prov ... nt. reduce 
lrr!gatlon 10 .... 

Water 10et froa La. Vega. W..b dur1na .alt 
rMuc:tloD operatlon Wat.r lo.t froa La VerklD Sprina8 Unlt durlng 
.alt reduction operation 

a
Date ln pa renthe.e. lndlcatee pub llcatlon date of envlroa.ental iapact .tat ... nt . 

blnforaatloD unavellable . 
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Al though a number of water qual i ty-rel ated l eg i s l at i ve 
acti ons have been taken on the State and Federal l evel s ,  four  Federa l acts are 
of spec i a l  s i gn i fi cance to the Col orado R i ver Bas i n :  ( 1 )  The Water Qual i ty 
Act of 1965 and re l ated amendments , ( 2 )  the Federa l Water Pol l u t ion Control 
Act Amendments of 1972 ( Pub l i c  Law 92-500 ) , ( 3 )  the Col orado R i ver Bas i n  
Sal i n i ty Control Act of 1974 , and ( 4 )  the C l ean Water Act of 1977 . A l so 
centra l  to water qual i ty i ss ues are agreements wi th Mex i co on Col orado R i ver 
system waters enteri ng that country .  

The fi rst of  these , the Water Qual i ty Act of  1965 ( Pub l i c  
Law 89-234 ) , amended the Federal Water Pol l uti on Contro l  Act and estab l i shed a 
Federa l Water Pol l ut i on Contro l  Admi n i strati on ( now EPA ) . Among other 
prov i s i ons , it requ i red states to adopt water qual i ty cri teria for i nterstate 
waters i n s i de the i r boundar ies . The seven bas i n  states i n i t i a l ly  devel oped 
water qual i ty standards wh i ch d i d  not i nc l ude numeri c sa l i n i ty cri teria  for 
the Col orado Ri ver primari ly  becau se of techn i ca l  constra i nts . I n  1972 , the 
states agreed to a pol i cy wh i ch cal l ed for the ma i ntenance of sal i n i ty 
concentrations i n  the Lower Co l orado Ri ver system at or be l ow exi st i ng l evel s 
wh i l e the Upper Bas i n  states cont inued to devel op thei r compact apport i oned 
waters . The states suggested that the Bureau of Recl amat ion shou l d have 
primary respons i b i l i ty for i nvesti gat i ng ,  p l ann i ng ,  and impl ement i ng the 
proposed Co l orado R i ver Bas i n  Sal i n i ty Contro l  Program w i th the ass i stance of 
the Federa l Offi ce of Sal i ne Water and EPA . 

Enactment of the Federal Water Pol l u t i on Control  Act 
Amendments of 1972 affected sa l i n i ty control i n  that the l eg i s l ati on was 
i nterpreted by EPA to requ i re numeri ca l  s tandards for sa l i n i ty i n  the Col orado 
R i ver .  In response , the bas i n  states founded the Col orado R i ver Bas i n  
Sal i n i ty Contro l  Forum to devel op numeri c  sa l i n i ty cri teri a  and a ba s i nw ide 
p l an of i mp l ementati on for sa l i n i ty control . The Bas i n  States hel d  publ i c  
meeti ngs  on the proposed standards a s  requ i red by the enacti ng l eg i s l ati on .  
The forum recommended that the i nd i v i dua l  Bas i n  States adopt the Proposed 
Water ua l i t  Standards for Sa l i n i t  I nc l ud i n  Numeri c Cri teria  and P l an of 
Imp ementat i on or a i n i t� Contro , Co orado R i ver System . The propose 
water qual ity standard cal ed for maintenance of fl ow-weighted average TDS 
concentrati ons of 723 mg/L bel ow Hoover Dam , 747 mg/L bel ow Parker Dam , and 
879 mg/L bel ow Imperi a l . I nc l uded in the p l an of impl ementati on were four  
sal i n i ty control un i ts and pos s i b ly  add i t i onal  un i ts , the appl i cati on of 
effl uent l imi tat i ons , and use of sal i ne water whenever practi cab l e  and for 
future studies . The standards are to be rev i ewed at 3-year i nterva l s .  Al l of 
the Bas i n  States adopted the 1 975 Forum-recommended standard s .  

The Col orado R i ver Bas i n  Sa l i n i ty Control Act o f  1974 
( Pub l i c  Law 93-320 ) provi ded the means to comply  w i th U n i ted States 
obl i gati ons to Mex i co wh i ch i nc l uded as a major featu re a desa l t i ng p l ant and 
br ine d i scharge cana 1 . These fac i l i ti es wi l l  enabl e  the Un i ted States to 
del i ver to Mex i co water hav i ng an average sal i n i ty no g reater than 1 15  ppm±30 
ppm (Mexi can count)  over the annual  average sa l i n i ty of Co l orado Ri ver waters 
at Imperi a l  Dam . Un i ts authori zed for construction under Ti t l e I I  of that 
Act , are Paradox Val l ey Un i t  and Grand Val l ey Un i t ,  Co l orado ; Crystal Geyser 
Uni t ,  Utah ; and Las Vegas Wash  Uni t ,  Nevada . 
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Pl ann i ng Un i ts are : 

I rri gati on sou rces -
Col orado Ri ver I nd ian Reservat i on Un i t , Ar i zona 
Lower Gunni son Bas i n  Uni t ,  Col orado 
Un i ta Bas i n  Un i t ,  Utah 
McE l mo Creek Un i t ,  Col orado 1/ 
Pal o Verde I rr i gation D i str ict Un i t ,  Ca l i forn i a  

Po i nt sou rces -
LaVerk i n  Sp ri ngs Un i t ,  Utah 
Lower V i rg i n  R iver Un i t ,  Nevada-Ari zona 
G l enwood-Dotsero Spri ngs Un i t ,  Co l orado 
Meeker Dome Un i t ,  Col orado 

D i ffu se sou rces -
B i g  Sandy R i ver Un i t ,  Wyomi ng 
Pri ce-San Rafae l R i vers Un i t ,  Utah 
Di rty Devi l R i ver Un i t ,  Utah 

Of the 12 u n i ts l i sted above , 10 (excl ud i ng Col orado R i ver 
Ind ian Reservation Un i t  and Pal o Verde I rri gati on D i strict ) were approved for 
fea s i b i l i ty s tudy by Publ i c  Law 96-375 i n  October 1980 . Other stud i es i nc l ude 
Bl ue Spri ngs Uni t ,  Sa l i ne Water Use and Di sposal Opportu n i t i es Uni t ,  and the 
Aquatra i n  Project .  

I n  1978 , the Forum rev i ewed the sa l i n i ty standards wh i ch 
were adopted by a l l of the seven bas i n  states , and recommended the 
construction of 3 of the 4 sal i n i ty control u n i ts and 10 of the 12  projects 
i denti f ied i n  the 1974 Act ,  the p l ac i ng  of effl uent l imi tati ons on i ndustri a l  
and mun i c i pa l  d i scharges , and the reducti on of  the sa l t  l oad i ng  effects of 
i rri gati on retu rn fl ows , the pl an a l so cal l ed for the i ncl u s i on of Water 
Qual i ty Management P l ans to comply  w i th Section 208 prov i s i ons after the 
pl ans ' adoption by the states and approva l of EPA . It  a l so contempl ated the 
use of sal i ne water for i ndu stria l  pu rposes and future sal i n i ty use/control 
methods . 

b .  Cumu l ati ve Impacts to Water Qual i ty 

Because of the manner i n  wh i ch the i mpacts of i nd i v i dual  
projects are ana lyzed , it  is  not pract i cal  to  sum up the total impact of a l l 
LCRB projects . Tab l e  G-4 shows the effect of sel ected Water Qual i ty 
Improvement Projects be i ng  constructed or proposed i n  the bas i n .  Genera l l y ,  
however ,  the proposed water qual i ty improvement projects wi l l  reduce the 
Col orado Ri ver ma i n  stem TDS . Th i s  wi l l  hel p to meet the requ i rements of 
Mi nute No . 242 as we l l  as to hel p stab i l i ze the sal i n i ty of the l ower Col orado 
R i ver bel ow the p roject l ocat ions . Th i s  water qual i ty improvement i s  
cons i dered to be  s i gn i fi cant ly  benefi c ia l  i n  that the many users a l ong the 
l ower Co l orado Ri ver w i l l have water of better and more dependab l e  qual i ty .  
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Tabl e G- 4 

ANNUAL IMPACTS TO WATER QUALITY 

PROJECT TYPE/Title Annual Impacts to Water Quality 

0 RESERVOIR! AQUEDUCT PROJECTS 

-i �, 0-
eD 
G"> 
� 

Central Arizona Proj ect ( FEIS 1972 )a Same Ma in Stem withd rawal from different locat ion but 
reduction in basin depletion. 

0 

Regulatory Storage Division ( DEIS 1 983 ) 

Pumps and Transmi ssion Lines 
Buttes Dam 
Hooke r Dam 
Granite Reef Aqueduct 
Salt-Gila Aque duct 
Tucson Aqueduct 

Hoover Dam Modifi cations (DEIS 1980) 

WATER QUALITY IMPROVEMENT PROJECTS 

Colorado River Ba sin Salinity 
Proj ect (Title I )  

Moj ave - Coachella ( DE IS 1974 )  
Yuma Proj ect (DEIS 1976)  

Colorado River Wa ter Quality 
Improvement Proj ect (Title II)  

Colorado River Indian 
Reservation Uni t  (FEIS 1 9 76)  

Las Vega Wash ( FEIS 1 976 ) 
La Verkin Spr ings Unit Utah 

(Fe as ibil ity Report 1973)  
Palo Verde Irrigation Di strict 

Unit ( FEIS . 1976) 

Additional withd rawal of 1 38 . 000 af main stem and 
local surface water 

NA 
-50 .000 af wi thd rawn from Gila River at dam s ite 
-1 8 . 000 af withd rawn from Gila River at dam s ite 

NA 
NA 
NA 
NA 

lowers TDS a t  Mo relos Dam f rom 1 . 355 to 9 1 0  mg/ l  

IUb 

Reduce TDS at Imperial Dam by 8 mg/ l  
Removal o f  1 03 . 000 tons of salts from Virgin 

River salt load 
IU 

aDate in parentheses indica tes publication date of environmental impact statement . 
blnformation unavailable 
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APPEND IX  H 

RESPONSES TO COMMENTS 

The draft Envi ronmenta l Impact Statement ( E I S ) , Tucson Aqueduct-Phase B ,  
Central Ari zona Proj ect , was f i l ed wi th the Envi ronmental Protect i on Agency 
and rel eased to the publ i c  on December 18 , 1984 . Approxi mately 550 copi es 
of the draft statement were d i s tri buted for rev i ew .  

Publ i c  heari ngs o n  the draft s tatement were he l d  i n  Marana , Ari zona on 
January 28 , 1985 , and i n  Tucson , Ari zona on January 29 , 1985 . 
Approximate ly 188 peopl e attended the three heari ng s .  The offi c i a l 
transcri pt of the proceed i ngs  i s  avai l ab l e for i nspecti on i n  the Lower 
Col orado Reg i onal  Offi ce of the Bureau of Rec l amat i on at the address  g i ven 
on the abstract page of the E I S ,  or at the Envi ronmental D i v i s ion , Bureau 
of Recl amation , Ari zona Projects Office , 2 1640 North 19th Avenue ,  Su i te 
C-2 , Phoen i x ,  Ari zona . The comments expressed at  the publ i c  heari ngs are 
summari zed bel ow .  

The publ i c  comment pe ri od o n  the draft statement ended on 
February 16 , 1985 . Forty-two wri tten comments were recei ved duri ng the 
comment per i od .  Each l etter has been reproduced w i th each substant i ve 
comment i dent i fi ed and numbered i n  the Comment Responses . Append ix  H i s  
d i v i ded i nto two secti ons : 

- Publ i c  Heari ng Summary 
- Letters of Comment 

PUBL IC HEARING SUMMARY 

Three formal publ i c  heari ngs were hel d to rece i ve comments on the draft 
E I S .  Noti ce of Ava i l ab i l i ty of the draft E I S  and announcement of publ i c  
heari ngs appeared i n  the December 24 , 1984 , Federal Reg i s ter .  A pri nti ng 
error  i n  the publ i c  heari ng date for Tucson was corrected i n  the 
January 14 , 1985 , Federal Reg i ster .  I n  add i ti on ,  l ocal  newspapers carri ed 
press  rel eases on the t ime and l ocati on of the heari ngs . 

The heari ngs were conducted by Wi l l i am Swan , Attorney wi th the Department 
of the Interi o r ,  Offi ce of the F ie l d Sol i c i tor ,  Phoen i x ,  Ari zona . 
Offi c i a l ly  represent i ng the Bureau of Recl amati on from the Arizona Projects 
Offi ce to recei ve test imony were Edward M. Hal l enbec k ,  P roject Manager ;  
Stephen V .  Magnussen , Ch i ef ,  Advance P l ann i ng D i vi s i on ;  and Bruce El l i s ,  
Ch ief ,  Envi ronmental D i v i s i on .  Wi l l i am P l umme r ,  Reg i onal  D i rector ,  was 
a l so present at the heari ng hel d i n  Marana . 

The fi rs t  meeti ng was hel d January 28 , 1985 , at 7 : 00 p . m . i n  the H i g h  
School aud i tori um , Marana , Arizona . E i ghty-three (83 )  peopl e  s i gned the 
attendance reg i ster wi th 31 peop l e presenti ng oral test imony .  The 
fol l owing  i s  a l i st  of those test ify i ng i n  the order i n  wh i ch they 
appeared : 

Name Affi l i at ion 

Wi l l i am Wheel er Central  Ari zona Proj ect Assoc i ation 



Da l e  Pont i u s  

John S .  Hayes 
Mi chae l McNu l ty 
Robert Cond i t  
Cl i ff Gatl i n  

Dean Terry 
Steve Prchal  
Ray Col eman 
Gary Harwel l 
Frank Abbott 
J u l i e  Savory 
Mark Savory 
George James 
Art Pacheco 
George Montgomery 
Kurt Sch l aefer 
Esther Bel l 
George Rosenberg 

Dona l d  Way 
C ra i g Al l  i son 

Va l erie  Orstedt 
Tom G l over 
Dan O '  Ne i 1 1  
Curly  C l ark 
Mark Voe l ke l  
B i l l  Steadman 
Arthu r Campbe l l  
Steve Hoop 
Dav i d  Morri s 
Teresa L i nn 

Southern Ari zona Water Resou rces 
Assoc i ati on ( SAWARA ) 

Communi ty Water Company of Green Val l ey 
Sel f 
Cortaro-Marana I rri gati on D i stri ct 
Centra l  Ari zona Water Conservat i on 

D i stri ct ( CAWCD ) 
Sel f 
Se l f  
Town Engi nee r ,  Marana 
Sel f 
Sel f 
Sel f 
Sel f 
Sel f 
Apex Farm 
Sel f 
Sel f 
Sel f 
Sel f ;  and Ground Water Users Advi sory Counc i l of 
the Tucson Act i ve Management Area 
Sel f 
Grei ner Eng i neeri ng represent i ng MSP 

Compan ies 
Fri ends of the Desert 
Avra Val l ey I rri gati on d i strict 
Congressman Uda l l ' s Offi ce 
Se l f  
Sel f  
Sel f 
Sel f 
Sel f 
Sel f 
Sel f  

The second publ i c  heari ng was he l d  January 29 , 1985 , at  1 : 00 p . m . at the 
Tucson Commun i ty Cente r ,  Tucson , Ari zona . F i fty fi ve ( 5 5 )  peopl e s i gned 
the attendance reg i ster wi th 1 1  peopl e  presenti ng ora l testimony . The 
fol l owing  i s  a l i st  of those testi fy i ng i n  the order i n  wh i c h  they 
appeared : 

Name 

Wi l l i am Wheel er 
Ma rybeth Ca  rl i 1 e 
Tom McLean 
Scott Burri l l  
C l i ff Gat l i n  
M i chael En i s  
Dav i d  Yetman 
Joe Mi 1 1  stone 
Me 1 Norve 1 1  e 
Brent C l uff 
Don Fornear 

Affi l i at ion 

Central Ari zona Project Assoc i ati on 
Southern Ari zona Water Resou rces Assoc i at i on 
Tucson Water 
ASARCO , Inc . 
Central Ari zona Water Conservati on D i s tri ct 
Defenders of I nd ian Land R i ghts , I n c .  
Board o f  Superv i sors , P ima County 
Sel f 
Sel f  
Sel f  and CAP Recha rge Assoc i ation 
Sel f 
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The th i rd publ i c  heari ng was hel d on January 29 , 1985 , at 7 : 00 p . m .  at the 
Tucson Commun i ty Center .  F i fty (50 ) peopl e s i gned the attendance reg i ster 
wi th 16 peopl e  presenti ng  ora l  test imony . The fol l ow ing  i s  a l i st of those 
test ifying  i n  the order in whi ch they appeared : 

Name 

W i  1 1  i am Wheel er 
Doug Shakel  
Brad Vandermark 
C l i ff Gatl i n  
Gay l e  Hartmann 
Monte Seymou r  
George Rosenberg 

Ju l i a Perry Gordon 
V i c k i  Phe l ps 
Robert Armentrout 
Mark Dansk  
Ansel mo Val enc i a  
Tom V i ncent 
Joseph Matti acc i o  
Dan O ' Ne i l l  
Geneva Zerby 

Affi l i a t i on 

Centra l Ari zona Project Assoc i ati on 
Se l f  
Sel f 
Centra l Ari zona Water Conservati on D i stri ct 
S i erra C l ub  
Se l f  
Tucson Acti ve Management Area ; and Southern 

Ari zona Water Resources Assoc i ation 
Arizona-Sonora Desert Mu seum 
Sel f  
Sel f 
Sel f 
Pascua Yaqu i Tri be 
Sel f  
Sel f 
Congressman Udal l ' s Office 
Sel f 

Many commentors had s imi l ar concerns . Major comments recei ved at the 
pub l i c  heari ngs are presented in the fol l owi ng d i scus s i on wi th responses to 
each i mmedi ate ly  fol l owi ng the s pec i f i c  comment .  

Comment #1 : 

We support the West S i de P l an as the preferred route of the CAP , Tucson 
Aqueduct , Phase B .  

Commentors : 

Southern Ari zona Water Resources Assoc i at i on 
John S .  Hayes , Commun i ty Water Company of Green Va l l ey 
Robert Cond i t ,  Cortaro-Marana I rr i gat ion D i stri ct 
C l i ff Gatl i n ,  Central Ari zona Water Conservation D i strict 
Ray Col eman , Town Eng i neer of Marana 
Esther Bel l 
George Rosenberg , Southern Ari zona Water Resources Assoc i at ion and 

Tucson Act i ve Management Area 
Tom G l over ,  Avra Val l ey I rri gation D i strict 
Dav i d  Morri s 
Tom McLean , Tucson Water 

Response : 

Support for the West  S ide P l an , the agency proposed acti on , has been noted 
and the comment i s  ava i l ab l e to dec i s i on makers . 

Comment #2 : 

H -3 



The Sanders Road-San Joaq u i n  Pl an shou l d be i nc l uded i n  the F ina l  E I S .  These 
p l ans use more underground p i pe and wou l d  have l ess  i mpact on the envi ronment 
compared to the West  S i de P l a n .  The Bureau has fa i l ed to i nc l ude the most  
cost-effect i ve l east env i ronmenta l ly  damag i ng p l a n .  

Commentors : 

Frank Abbott 
J u l i e  Savory 
Mark Savory 
George James 
George Montgomery 
Kurt Sch l aefer 
Donal d Way 
Val eri e Orstedt , Friends of the Desert 
B i  1 1  Steadman 
Teresa L i nn 

Response : 

The Sanders-San Joaqu i n  Mod i f i cation Al ternat i ve has been added to the 
fi na l  E I S  i n  response to these comments . Th i s  a l ternat ive i ncorporates 
28 . 0  mi l es of bur ied p i pel i ne to mi ti gate the v i s ual  and other 
env i ronmenta l i mpacts assoc iated wi th open cana l . We do not bel i eve that 
the di fference in envi ronmental i mpact j u sti fi es the add i ti onal cost ( about 
$24 mi l l i on i n  capi ta l  costs ) of th i s  al ternati ve .  Therefore , the West 
S i de P l an rema i ns ou r proposed act i on .  

Comment #3 : 

Underground p i pel i ne i s  preferred wherever and as  much as  pos s i b l e .  

Conmentors : 

Dean Terry 
Frank  Abbot 
Art Pacheco 
George Montgomery 
Dav i d  Morri s 
Dav i d  Yetman 
Joe Mi l l stone 
Gayl e Ha rtmann , S i erra C l ub  
J u l i a  Perry Gordon , Ari zona-Sonora Desert Mu seum 
V i ck i  Phel ps  
Anse l mo Va l enc i a , Pascua Yaqu i Tribe 
Tom V i ncent 

Response : 

Because the cost of bur ied p i pel i ne i s  about four  times that of open cana l , 
we have sought to max im ize the use of open canal  on the Tucson Aqueduct , as  
e l sewhere on  the  CAP aqueduct system . Operati ona l costs are a l so reduced , 
s i nce bur ied ( pressure )  p i pel i ne requ i res s i gn i fi cantly more e l ectri cal  
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energy for pump i n g .  Many a l ternat i ve aqueduct systems have been eval uated 
dur i ng p l ann i ng for the Tucson Aqueduct , i nc l u d i ng several wh i ch i ncorporated 
bur ied p i pel i ne as an env i ronmental mi t i gati on measure .  Our concl u s i on i s  
that wi l dl i fe ,  v i sual , and other env i ronmental i mpacts can be adequately 
mi t i gated for the West S i de P l an , at much l ess  cost than for add i t i onal  bur ied 
p i pel i n e .  The West S i de Pl an i nc l udes about 19  mi l es of buri ed p i pel i ne i n  
i ts overal l 47 mi l e  l ength . 

Comment #4 : 

I n  the past , fl ood i ng has occurred i n  the v i c i n i ty of 1 -10 and Tangeri ne 
Road . Drai nage and pondi ng i n  the areas near the aqueduct are a major 
concern . Measures shou l d  be prov i ded to assure the aqueduct wi l l  not cause 
s i gn i fi cant fl ood i ng probl ems . Stand i ng water due to s heet fl ow was a l so 
not addressed in the E IS . 

Commentors : 

Robert Cond i t , Cortaro-Marana I rr i gati on D i s tr i ct 
Dean Terry 
Ray Col eman , Town Eng i neer of Marana 
Mark Savory 
Art Pacheco 
Cra i g  Al l i son , Grei ner Eng i neeri ng represent i ng MSP Compan i es 
Curly C l ark 
Arthu r  Campbel l 

Response : 

The proposed a l i nement through the Avra Val l ey wi l l  fol l ow the western 
s l ope of the Tucson Mounta i n s  and a l ong the east s i de of the Brawl ey Wash  
fl ood p l a i n .  The  a l i nement approaches the  Brawl ey fl ood p l a i n  i n  three 
areas . These areas are j u st u ps tream of the Sandari o ,  Brawl ey and San 
Xav i er Pump i ng P l ants . Th i s  i s  based on the fl ood maps provi ded by the 
P ima County F l ood Control D i stri ct . The d i kes  are s i zed to deta i n  the 
fl ows for rel ease i nto the exi st ing channel s at the rate that cou l d  be 
expected from a three hour thunderstorm on the dra i nage bas i n .  Al l l and 
that wi l l  be fl ooded i n  the dentention area w i l l  be purchased . The outl ets 
from the overchutes wi l l  have energy di s s i pators constructed to bri ng the 
water to a vel oc i ty that i s  not conduc i ve to ero s i on .  The area on the 
downstream s i de between the overchutes wou l d be protected from the fl ood i ng 
they now experi ence . 

Meeti ngs have been hel d  wi th P ima County F l ood Control D i strict and the 
Town of Marana to address the i ssue of fl ood ing  i n  the Tangeri ne Road area . 
As a resu l t  of the meeti ngs the dec i s i on has been made to construct a s i ngl e 
s i phon from the northeast s i de of 1 -10 , dayl i ghti ng upon cros s i ng the 
southwest s i de of the Santa . Cruz R i ver ,  a d i s tance of about  8 , 700 feet.  

Comment #5 : 

Severa l concerns were ra i sed regard ing  the esthet i cs of the open cana l , 
pump i ng  p l ants , and surge tanks compared to the natura l  desert envi ronment . 
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Someone stated that the projected devel opment wou l d  not cover up  the scars . 
I t  was stated that revegetati on shou l d  be a h i gh pr ior ity for a l l areas , 
inc l ud i ng the s po i l  areas . 

Commentors : 

Steve Prchal 
Frank Abbott 
Mark Savory 
Kurt Schl aefer 
Gayl e Hartmann , S i erra C l ub  
Ju l i a  Perry Gordon , Ari zona-Sonora Desert Mu seum 
Mark Da nsk 
Anse l mo Val enc i a , Pascua Yaqui  Tri be 
Joseph Matti acci o 
Geneva Zerby 

Response : 

V i sual l y  sen s i t i ve areas wi th i n  the Phase B project area were compared to 
s imi l ar areas near Phoen i x  where the CAP aqueduct has a l ready been 
compl eted . It was determi ned that the open cana l of the West S i de P l an 
wou l d  not be a domi nant feature of the v i ew due to the topography of the 
area and vegetati ve screen i ng .  I n  add i t i on ,  earthen d i kes on the ups l ope 
s i de of the cana l wou l d ,  for the most  part , screen the canal from v i ew .  
The d i kes wou l d  a l so b e  revegetated . The dec i s i on has been made to use the 
a i r  chamber surge tank  i n  pl ace of the two-way s u rge tank  at the Brawl ey ,  
Snyder H i l l ,  B l ack  Mounta i n ,  and San Xav ier  pump i ng p l ants i n  order to 
reduce the i mpact on the envi ronment as v i ewed from the Ari zona Sonoran 
Desert Mu seum and Saguaro Nat ional  Monument . The a i r chamber surge tank  
wou l d  be l ocated next to the pumpi ng p l ant , bel ow the g round . 
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I NDEX OF LETTERS COMMENT ING ON ENV I RONMENTAL IMPACT STATEMENT 

TUCSON AQUEDUCT , PHASE B 

COMMENT AND 
RESPONSE NO . 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10  

1 1  

1 2  

1 3  

14 

15 

ENT ITY OR I ND I V I DUAL SUBMITT ING COMMENT 

ASARCO , Inc . , Southwestern M i n i ng Department , Tucson , 
Ari zona , S .  L .  B urri l l , D i rector of Technol ogy and 
Envi ronment 

Ari zona State Parks , Phoen i x , Ari zona , Donna J .  
Schobe r ,  State H i stori c Preservat ion Officer  

Southern Ari zona Water Resources Assoc i at i on , Tucson , 
Ari zona , Dal e Ponti u s , P res i dent 

E l  Paso Natural  Gas Company , El Paso , Texas , 
Ra l ph H .  Oppenheim , Manage r ,  Ti t l es-Control D i v i s i on , 
Ri ght-of-Way Department 

Mr. and Mrs . C .  Nol en Bel l , Tucson , Ari zona 

P ima County , Offi ce of the County Manager ,  Tucson , 
Ari zona , Crai g A .  McDowe l l ,  County Manager 

P ima County Hea l th Department , Ai r Qual i ty Contro l  
D i stri ct , Tucson , Ari zona , Dona l d  L .  Burtch i n ,  Sen i or 
Ai r Qua l i ty Analyst 

F i n l ey D i s tributi ng Co . ,  Tucson , Ari zona , 
Dorothy H .  F i n l ey 

Ju l i e  Savory ,  Tucson , Ari zona 

Mr. and Mrs .  H .  W. Peden , Tucson , Ari zona 

I rri gat i on and E l ectri cal  D i stri cts Assoc i at i on of 
Ari zona , Phoen i x ,  Ari zona , Robert S .  Lynch , 
Secretary-Treas urer 

Un ivers i ty of Ari zona , Co l l ege of Eng i neeri ng , Water 
Resources Research Cente r ,  Tucson , Ari zona , 
C .  Brent C l uff , As soc i ate Hydrol ogi st 

Res i dents of Avra Val l ey ( 19 s i gnatures ) 

S i erra Cl ub , Grand Canyon Chapter ,  Ari zona , 
Gayl e Hartmann ,  R i ncon Group ,  Tucson , Ari zona 

U . S .  Department of the I nteri o r ,  Nat i onal Park Serv i ce ,  
Western Reg ion , San Franc i sco ,  Cal i forn i a , 
W .  Howel l Wh i te , Acti ng Reg i onal  D i rector 
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16 

17 

18 

19 

20 

2 1  

2 2  

2 3  

24 

25 

26 

27 

28 

29 

30 

3 1  

32  

Earl  L .  and S .  Lorra i ne Perc i va l , Tucson , Ari zona 

Jan i e  C .  Schembri , Tucson , Ari zona 

u . S .  Department of the I nteri or ,  Bureau 
Management , Ari zona State Offi ce , Phoen i x ,  
Beaumont C .  McCl ure , Act i ng State D i rector 

J ud i th Capen , Tucson , Ari zona 

of Land 
Ari zona , 

Nati ona l Parks and Conservati on 
Russel l D .  Butcher , Southwest and 

Assoc i at i on ,  
Ca l i forn i a  

Representati ve , Cottonwood , Ari zona 

Stri ck l and and A l taffer ,  Tucson , Ari zona , 
Wi l l i am E .  Strick l and , Genera l  Counsel  for Papago Tribe 
of Ari zona 

Rosemary Maddock , Tucson , Ari zona 

Tucson Rod and Gun Cl ub , Tucson , Ar i zona , Di ck  Scott , 
Cha i rman , Leg i s l at ive Commi ttee 

P ima County ,  Parks and Recreati on Department , Tucson , 
Ari zona , Terry J .  Lehrl i ng ,  Chai rman , P ima County Parks 
and Recreati on Commi s s i on 

u . S . Department of Commerce , 
Atmospheri c Admi n i strati on ,  
Admi n i strator , Wash i ngton , D . C . , 
Eco l ogy and Conservat ion D i v i s i on 

National  Ocean i c  and 
Offi ce of the 

Joyce M.  Wood , Ch i ef ,  

The League o f  Women Voters o f  Tucson , Tucson , Ari zona , 
Marie Lynn Hunken , Natura l  Resources Coord i nator 

Tucson Un i fi ed School D i stri ct , Tucson , Ari zona , 
Va l eri e B .  Feuer , School D i stri ct P l anner 

P ima County Wastewater Management Department ,  Tucson , 
Ari zona , Jon C .  Sch l adwe i l er ,  P . E . , Ch i ef Engi neer 

u . s .  Department of the I nter ior ,  U . S .  F i sh and Wi l d l i fe 
Serv i ce ,  Ecol og i cal  Serv i ces , Phoen i x ,  Ari zona , 
Robert Mesta , Acti ng Fi e l d  Superv i sor 

Friends of the Desert , 
John R .  Moffi tt , Pres i dent 

Tucson , Ari zona , 

Dr .  Ri chard Mi l l e r ,  Ce rt if i ed Wi l d l i fe B i o l og i st ,  
Gl enda l e ,  Ari zona 

u . S .  Department of Energy , Western Area Power 
Admi n i strat i on , Bou l der C i ty Area Offi ce , Boul der C i ty ,  
Nevada , Thomas A .  H i ne ,  Area Manager 
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33 

34 

35 

36 

37 

38 

39 

40 

41 

42 

u . S .  Envi ronmental Protecti on Office , Reg i on I X , 
San Franci sco , Cal i forn i a ,  Charl es W .  Murray , Jr . , 
Ass i stant Reg i onal  Admi n i strator for Pol i cy and 
Management  

J u l i et Stavel ey ,  Tucson , Ari zona 

The Ari zona-Sonora Desert Museum , Tucson , Ari zona , 
Dan Dav i s ,  D i rector ,  Bernard L .  Fontana , Pres i dent , 
Board of Tru stees 

P ima County P l ann i ng and Zon i ng Department ,  Tucson , 
Ari zona , Robert C .  Johnson , D i rector 

Ari zona Chapter ,  The Wi l dl i fe Soci ety , Phoen i x ,  
Ari zona , K .  Bruce Jones , Pres i dent 

Department of Water Resources , State of Ari zona , 
Phoen i x ,  Ari zona , Wes l ey E .  Ste i ner ,  D i rector 

Department of the Army , Corps of Engi neers , Los Ange l es 
D i stri ct , Los Angel es , Ca l i forn i a ,  Carl F .  Enson , 
Ch i ef ,  P l ann i ng D i v i s i on 

Ari zona Game and F i sh Department , Phoen i x ,  Ari zona , 
Bud Bri stow , D i rector 

u . S .  Department of the I n terior ,  Bureau of M i nes , 
Wash i ngton , D . C . , Gordon M .  Mi ner ,  Acti ng D i rector 

Ari zona State C l eari nghouse , Offi ce of Economi c 
P l ann i ng and Devel opment , Phoen i x ,  Arizona 
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HEcaVED O�C 24 1984 8 Southwestern Mining Department 
T. E .  Scartaccin i 

'--

General Manager 

Reg i on a l  Env i r onme n t a l O f f i ce r  
Lowe r Co l o ra d o  Reg i on 
U .  S .  B u rea u of Rec l ama t i on 
Box 427 
Bou l de r  C i t y ,  NV 89005 

De a r  S i r :  

Decembe r 2 

� Aen C 
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DIl8 InIIIII 
.1\ I 
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FIla 
G '  Itt'O 

We h ave r ece i ve d  t he d ra f t  Env i ronmen ta l I mpact S t a temen t fo r t he Tucson 

InrJ�t; 
-To 

/ �() -

• 

Aqued u c t  Pha s e  B ,  Ce nt ra l Ar i zona P roj ect . Th roughout t he deve l opme n t  of 1 the Phase B P l a n ,  we h ave had an oppor t u n i ty t o  p rov i de i nput t o  t h e  rout i ng ,  
n a me l y  fo r t he sout h e rn te rmi n u s  of P h a s e  B .  P r i o r t o  t h i s c u r re n t  E I S ,  
the te rm i n u s  h a s  been s hown on a l l s ketches a s  be i ng n o r t h  o f  P i ma M i ne Road 
a n d  wes t of 1 - 1 9  on t he San Xav i e r  I n d i a n Reserva t i on .  The c u r re n t  E I S  s ke t ch 
s h ows the sou t h e r n  te r m i n u s  s out h of t he P i ma M i ne Road and wes t  o f  1 - 1 9 .  Th i s  
s ke t c h  (examp l e  3 44- 3 30- 4 1 06 )  i nd i ca te s  t h a t  t he te rm i nu s  rese rvo i r  wou l d  be 
l ocated on Asa rco deeded l an d .  Th i s  co i n c i de s  w i t h  two f re s h  wate r  we l l s s u pp l y i ng 
wa t e r  to ou r ope ra t i on t o  the wes t  a t  t he M i s s i on U n i t .  Th i s  i s  be i ng po i n ted 
out to you i n  t h a t  no n egot i a t i on s  o r  d i s cu s s i on s  h ave been h e l d  w i t h Asa rco 
t o  d a te con ce rn i ng t h i s  i n d i ca ted cha n ge of s i te o f  t he res e rvo i r . Cop i es o f  
t he Bure a u  o f  Rec l ama t i on s ke tc hes a r e  a t tached to I nd i ca te t h e  p rob l em a rea . 

SLB/kh 

At t a c h .  

c c :  Bruce E l l i s  
Bu reau o f  Rec l ama t i on 
Ar i zona P r oj e c t s  D l v . 
Phoen i x , AZ . 

H- l l  

Ve ry t r u l y  you r s , 

S . L .  Bu r r  i 1 1  
D i rector o f  Techno l ogy a n d  

Env i ron me n t 

ASARCO Incorporated P. 0, Box 5747 Tucson, Az 85703- 0747 
1150 North 7th Avenue (602) 792 - 3010 



I I 

" "  I " 
I � 

P H A S E  A 

I MARANA .... ' I  
A u a , V a l l e ,  �� _ _ _ _ _  !��!�� __ _ _  ��� _ _ _ _ _ _ _  _ 

Irr l . auin D I .tr l c t 
c a p prr. t m a . e  " - '\ 

b o u n  a r ,  of r - - � - � 
d l a c o nt�l . u o u · 1 r'-� 

p arle e l .  ) 1 -, I · Ll 1 I � SAGUARO : 

W E S T  S I D  E 

P L A N  

I : NATIONAL 1 
L_J � .. :u:.�j �. , Il L � 

MOUNTAIN :..> COUNTY L , 2 2  • • •  e t ,  • •  t 

I' ";S:U A S E  A .... ! V .".�:!� >=<.... !'!'!'!� __ . _ ��_ .  _ _  . _ . .  
I r rl . D Urn D I . t r l c t  

( D D p r o� l m a ' e  I . 
b O U n�a ry o f  rA Y , a  V a l l . y  

d l . c o n t'l . u o u .  f) I . D , r--"L, 
p a rle e l . ) Y D o l .  L i D., -, 

I (i� S-� 1 I SAGUARO 
I '/ : NATIONAL 

I � MONUMENT I � 

E A S T  S I D  E 

P L A N  

L _J " _--" """ ' - '-1., �'] T � TUC� � ,L��1 'v 
1-' .... r-.) 

PAPAGO INOI AN 
R E S£;,.RyA TION 

L\ TUC SOO \. ,  ' 1 �L.eaU •• �.f Tace •• 'e 
PARK •• t . ,  t , . a t  ••• t p l a . t  �- - J?:'l �11_ � 

_
. _ . - - L COUNTY - 1  MOUNTAIN :..> L -"�L.C.U • •  \.f T e e e • •  ' e  

PAPAGO INOIAN . PAR K  22 • • •  e t r . e t  . R ESEB�TION _.Lt---4 ' _._ 1 � ,-�' _� . t e ,  t r e a t  • • •  t p l  • •  t 
811al- T o a k h d i a .  � -.". -, - - -D i e t , i b a t i o .  L i  • •  

... 

e 

�� , � � � 
� ,  � .  

,- ",
, '- ':- . _ . _ . _ . - -I- _.J 

I 
SAN XAVIER ~ IND IAN 

: RESER VATION \ 
� - -'--p.-�M-�-.,. 

- j  

- '1f"c b a k  T.a k r . . I .�"""' ''''''' ''''''' �- - - -

D h h l  • •  U • •  LiD. ,- , ,- , ,  I 

... 

O p e n  A q u e d u c t  

!--t ....-. I--f'-
P i p e l i n e  

e 

.. /", '- 1 ..., . 
" " , . I 

, / ' I J L. '-'1 ", '_·_·_·- --1- -· I I I�. I 
SAN XAVIER I INDIAN . 

RESER VATION . \ I 
L _ _ __ � � _ _ _  � Pi rna IAiIIe Rood 

,. 
O p e n  A qu e d u c t  

� ""-' l--ft-
P i p e l i n e  

e 



e e e 

to:' ." ... . ' 
.� 111M....... frIWI""" (1(11 ... � _�,. 'IIAfI. A '\" / r Il A " E  Ii \ 

. .- '."':-' L. " . . .  !��_ .. �. . ... .. � ,.,..� .  
I """ANA, 

i 
I • • 

1 /' 1!: fl U " :  t I j - " "  . . 

l' . 
�:�,:: ! • ... ... , ... r'lI � t· · ; , ��::: . . 

;a .... � .;.r.a� '\.L. , ,�;.. 
'� ••••• j ........ , ••••• 

; . \ 
.. , ....... .. ... . ,,� , " , ' I . 

�.......... -'t.lI .. "i.���.����',��" ;.. � 
. r ." ' '' '  fll. . •  .....1 I [  

I I .... 
\N 

. . J " 

.� . .. " .. �' 
��;���� ... - �, ' .. 0 .... • .. ..... ' "" 

PL A N  1 

__ ' " A !II r. A 

WEill. v o r l  "1oHA � ... ,. .... 
I " I .... r.� .. . .. _ _  

... ' " . 
-�"- ....... 
' ."'\ .... " 

" '. V.·'f, ' "  ".I lt ... , . , 

� I ' .. .. ' f .... . .  ,. 1 .... .. Iii'f .. ' 
� \.' , \. 

"'pa·", _.�N .... .... .,.,., .. .... 
. , ' . )  i' ' 1  :;-... �7..: ... \ I "" ( I  , i :  :;�: , '� I 

. �.. .. .1 'Ii< • •  ,�, , ' , . ti" 
1..11 •• I'u,n"." •• LI.. . . - -" .. ' . t  

CM•M.  -_. 

. I i  1 \  
...... c",."" . 1 ...... ,,, .. .  ,(" ..... ,... I 

. _  .... ____ 1 I· .... "' ... . _ ... 
P L A N  4 

t 
/, . .  ,. 1 ' . .nUTI 1 I I .. �:. :�::: \ 

. .... .. .... .. , T 
1 I . r �:c;.... � :.� 1 ,  ... .. ""..... . ... \, .... • � . t r�:�: ;;,.:...;, IVII .... �

I 
, 

..
. .  

•• w, .... " •• • , . , ... ,�" , , ""�,:,"!"'" , ..... ............ ".. 3· �.... i ;  

.. ' .. ';'MIA 

....... I , J  

". . .... ', .. "CII"" � �  • . •  ,.o:-. 

P L A N 2 

rHAlI" II. 

... 

"u, v,n." D ." LI •• 

/' , lII'1 U T I  I 
-: > i -:� / " ' .. , :' ;.'. .. !.o \ \\; / . ........ , \' ! ....... -.. , \ I _; ;:, .� \ . ) � 

,; ..... ';, "':"A� 
i ......... " l '  I ( I  r. A Tt0trNTAt" 

: I �r i;'p�_' � ' \  � i 1 . ·
D�:E

,�.:�!�" ..... 
IT, ........ - I " : ,� •••• , ., ••••••• • 1 ••• . . .... ,�"." . "  I '  

, . .... .... h .... " •• 1.1 •• .; .. � . .  � ,.; .1�1 · l il  J 'l 
I 

..... . ",,,fI' I 
........ A' ... . .".'... I 

_ _  ·_WM __ _ , ..... _ 1'1." ... 
P L A N  !) 

I �I' -
.0tlTll l . ... / " 

. " .{' I' :�!.. I 
N"T�: 

rRII V I lIv,I' P. .. r..r. r.N(�' 

'''' ,"1'1.'':8 TIIR""O" tun: 0' 
� .;.fI' ..... l \ t .,.. .... .,., 

U !t O U N D W A T F. 1l  W l n,LA 11 ., . 1 \ : ,0 I tuc".. I I .r 1 "c-::.��t.,. . ' I .. , e ••. u •• •• ,.u ... . 
"'iGQ .... '\."l .' N.: ;J. .. ,.;\ ......... . , .. . ..'·r'.k ..... _ � . . _ _ __ .I'� \ ' _  _ ...J / " ....... -d�� , ...... .... , .• "' .. LI.. �._. 

.- , ,, " 

.. , ........ ., 
, ..... < ... . 

_ l�. J I  
� ".vet!. .., ... ""IIV.,,,,,, , 

" ... '" ..... 

. __ .. ----,._ ..... -- ... 
P L A N :l 

P H A II F.  A 

--
a," V.II.7 I • •• , LI.. J .... .. \.., : '�'�:-'-" :":' . .. . , ... 

<:/.v 
. 

ROIITF. I 

/ I' '\ NO": 
I t '\ � r ll o Y I " F. �  n U : ll f1 F. II C T  .'/ t .-J• .. l J \ 8\lrrLlr.tI T R aO.HlM U !II r. 0' 

.. ��:= \. \ (l II O U H " W A T U  W I':1,l.R. l __ .n \ l 'r -,:;,;. 1\ :,> i' 
I .. )UIII'_ I ', '  I 

-- . , - .4' 1 I '''�.. " .., � :':.':r�: L.. ' 1  .... II " . l ,  
_ �: . - " : ' . t� .......... .. ·, , ' ... � \ h ':"  .... . .  

I ••••• DI�'.I •• " •• LI.. � � � ', l 
I II 

... , . 
. � , " 

�" ,," -"� I I  - .... ". 1 -��"��:::.j ." 
P L A N  6 

LEGEND 
O P F. N  A Q U E D U C T ----

PIPE L IN E  

R E S E R V O I R  

'\ . roIiARt: A 
, 

MM., ... ,"-. " 

,- .,-, .. � . r "�.ou • ' I � f IU I \ "'P'1I r" . lh  • • "C'V : ' . \ Itl' r r l ' '- '  l I . n ,ult. I" � .. , 
IIOT', 

: I .... �!:::;� I \ (illnlltl" " -'!I ·I '  . ... l l t .  

I "  ... . ".11".,1 .. I .  '\. lI,ct. T.,.. r.u • • • •  " .. I . , . I I '" ," _It' T.c .... W.,., I I '::::::... ; ', t \ • .  u . . .... t.· ... ...... . 
P.';";' w..;� 1 I (f:.:'�" , � . 1 .. ... �' ... J . . "  ( , -, -- � . 

. -

" '- '  �' . 
, ... � •• " .. ' T  ....... ' .,; .... ...... . , ,:,., J "" - . . . . . .

" 

..,... t-4 � ....... ��_n·""r" ·" '. r'" .. ...... - -- \ I ' � 
,. i ,  ' , '  '-, • ..... ""." •• u •• I Lt •• 

' � I .... 

.. -

1 

1OfIl1_ M ! " 'J"I!. 101 
._._.w_· __ · __ · ·  ,.- .. .. .. .  

('LA N 7 

U1furn StA',,' 
D�,.a"ll11l!:"t OJ" , u r  , .. " .,"" 

au", A" or RH'I A .... U()III 
CENTnl\L I\R1Z0NI\ pnOJfCT 

TUCSON DIVISION-ARIZONA 

TUCSON AQUEDUCT- PHASE B 
C A N D I D A  1 E PLANS 

3 4 4 - 3 3 0 - 3 5 2 6  

• • •  ., t it  • • • •  , 
.; 



, 
' .-

, �. 
:: 
;" 
" 

I ; I . 
e l l < • 

:t 

:t 
I -

.. 

;� 

". 

h <  

� 

'-' , ,, ;: T J. ' L. l h ':'  � :lH:lS. 

� :� v  J.- '":" . 0 '; 

. ' 

wrt/H.lfr "'QU,. 

�" 
'� !3lr�!iPo,���� 

� '��";': " '�o��;. >.�._ 
\, .'�" ... � �. " , 
�\"' 

,-. to 

" ". 
; 

_ c .. .. _' .. -· . -.- ---.-.-- .. - --... . -... ------""";'=--........�.�� ..... 

" ,. .. 

" .  
I'':� . __ . . _-_. 

I 
I 
, . 
i 

t : 

� , � 1 

� . :;, 

' 7  

!t " . :: � :1 .. .. . 
� !' n t. ;.' 

�I :: 
_ It . 

� '  :.: " a.  
I' .1 .. 
I, " '" 
" 'I 

.I ,I i, i!· .. z � , i' . :.�: 
f 

; ': 
• r .. • I �� ',i 

"'

_ 

..... " 
/' . 
."': 

< • ... ,; -

\., .' 

.. 

'
,-; .. 

�: 
:, 

. '. i 
! /� •. : - \ .' c •• \ 

" 

! I ·  
I 

.; '\ � \. f 
\_ .. .. -. i ' t 

\. , ,. '; "! 

t 
t- " :  

, j  i 
i < 

'. 

. . .. --... 
l' 

. / :  ! f • · :t .. �.,- • - . _ .. ' I :1 . :  .. . ... ..: I , .  
I :  r- '---
i 

I f " l.�" .' i 
�� . �:!: "-"'� 7 .......... ��- -:.i:-I .' 

i; . .  

V ,. .. \' " � ,  

.. 
, 

H , _ 0 1 .... 1 '  
, [ .  , . -.. ... .. ..  .. '. s  

g 
.'''"011 

.. .. �" "' .. • ... ,.'0 .. .  "1' •• 
rLUUU UC ' .II "v. All." 

C H E C K  . T � U C TU�E� 

."'OGE 

OYI"CHUT. 

TU".OUT 

'''OIL A " E A  

:t, . .. i •••• ., J • •  I. 

r.:;;-, 
I I • I 
= 1  " :, .. , 3t 

�'o. 

. , 
• 

-

I f 011" 
1 
T 

� 

T 
I C A L I  . . . . .  ... 

... , ... . � ...... , " .... . 

�'i 
., . 

-'" 

"'--i'!'J 

I 
UltfTYO .,. A"'. 

O ... AIITft.T O' � OIIn __ 

._UU 01' �.CLA.A� 

CENTRAL ARIZONA PROJECT 
TUCSON DIVISION-ARIZONA 

TUCSON AQUEDUCT-PHASE B .wEST SIDE ROUTE 
A G . II C Y  " � O P O . E D  ACTlOII 3 4 4 - 3 30-4 1 06 

IIOYE •• E� , •• 4 

, 



Responses to Comments 

ASARCO , Southwestern Mi n i ng Department 

1 -1 Subsequent to the l atest d i scuss i ons with  ASARCO , we have rev i sed 
the l ocation of the terminus  and regu l ati ng reservo i r .  Due to 
the potenti a l  for water po l l ut ion prob l ems from the mi ne ta i l i ngs 
or the fa i l u re of the d i kes at the m ines , the dec i s i on has been 
made to put the aqueduct i n  p i pe l i ne from B l ack Mounta i n  to the 
terminus . The proposal  now i s  to l ocate the regu l ati ng rese rvoi r 
j ust  southwest of B l ack Mounta i n  and the aqueduct termi nus at 
the south boundary of the San Xav i er  I nd i an Reservation , wi th a 
turnout on the south s i de of P ima Mi ne Road . The exact l ocati on 
and des i gn of the p i pel i ne termi nus wi l l  be coordi nated w ith 
ASARCO to ens ure acceptab i l i ty of l ocation and des i gn i n  order to 
fac i l i tate water del i veries to the south . 
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2 U.S. Buraau of Re�lama\it>n 
lower Colorado R&Ci:lli 

RECS\,£D JAN 4 1985 A 
ActIOIo � Q  January 2 ,  1 984 

AetIoft T-'*' , , ..... 
DeI� 1:M1ieI To 

Mr.  Wi l l i am E .  Ri nne 
Regi ona l  Envi ronmental Offi cer 
Lower Col orado Region  

le:;o 
U . S .  B u reau  of Rec l amation 
Box 427 
Bou l de r  Ci ty ,  NV 89005 

Dear  Mr.  Ri nne : 

" ... 

Re : Draft E IS 
Tucson  Aqueduct - Phase B ,  CAP 
S tatement No . I NT DES 84-68 
OOI-BR  

I h ave revi ewed the draft report s ubmi tted for the above p ro
ject . The report appears to cons i de r  adequate ly the cu l tura l  
resources o f  the p roject area at  th i s  s tage o f  i nves ti gati o n .  
Purs uant t o  3 6  CFR, Part 800 o f  the Advi sory Counci l I s re �u
l ati ons ( " P rotection of H i s tori c  and Cu l tural  Prope rti es ll ) , 
we l oo k  forward to conti nui n g  the cons u l tati on  p rocess  re
gardi n g  the c u l tura l  resources of thi s  p roje ct .  

We app re ci ate your cooperati on wi th th i s  offi ce i n  comp lyi ng  
wi th the  h i s tori c  preserva ti on requi reme nts for federal 
unde rtaki n gs . If you have any q ues ti ons about any of thi s ,  
p l ease contact me at ( 602 t 255-4174 .  

S i  n ce re 1y ? 

�c.cI HI}f-
Teres a L ,  Hoffman 
Archaeol og i s t  

for Donna J .  Schober 
Sta te Hi s tori c Prese rvati on Offi cer 

TLH :mes  

H- 1 7  
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January 8 ,  1 985 

W.E. Rinne 
Regional EnviroJll'l'eIltal Officer 
Lower Colorado Region 
U . S .  Bureau of Reclamation 
Box 427 
Boulder City, Nevada 89005 

Dear Mr. Rinne : 

3 OffICIAl RLE COPY 
U.S. Bureau of Reclamation 

Lower Colorado Reolon 
RECEIVED 

A 
AI:tIOrI 
ActIoll T .... 

lIP 

PIle 

JAN 1 � 1985  
A D /fAlj) 

I .. ........ 
.... To 

}5;O 

ltPo ., � 
, .  '4 \)  

SUbject :  Draft Environmental I1rq;act Statement 
Tucson Aqueduct Phase B 
Statement Number :  IN!' DES 84-68 

This letter is written to provide carment regarding one particular item 
of concern we have observed during our review of the Draft EIS . SAWARA 
may have additional ccmnents as our review continues ,  however ,  we felt 
the need to express this concern imnediately . 

As indicated in ApJ;:endix B, "Consultants and Coordination" , SAWARA fomed 

southern arizona water resources association 

a ccmnittee (Carmittee on Aligment, Tenninus and Storage - CATS ) to work 
with the Bureau of Reclamation in developing ccmmmity consensus regard- 1 ing the Tucson Aqueduct location, tenninus, size and regulatory storage 
features . This appendix contains two statements which we feel do not 
accurate 1 y portray the recarmendation of CATS and gives the reader the 
wrong impression . 

"The roost significant recarmendation of the SAWARA 
cx::mnittee was that storage not be included as a Tucson 
Aqueduct - Phase B feature , but that it be reconsidered 
in the future after the Tucson area nnmicipal user ' s  
reliance on CAP be<X:mes substantial and after sate 
history of CAP operation is docuneI;lted. "  
"With the deletion of Regulatory Storage fran Tucson 
Aqueduct - Phase B planning objectives , the six al ter
native plans were reduced to two :  the West Side Plan, 
alined on the west side of the Tucson M:>untains , and 
the East Side Plan ,  alined on the East side of the 
Tucson M:>untains . "  

We feel that these statements leave the reader with the impression that 
storage for the Tucson Aqueduct - Phase B has been deleted indefinately. 
Furthenrore, it is our concern that they do not convey the actual direc
tion CATS received fran the cxmnunity, that storage in the Tucson area 
llUlSt be provided as a basic feature of the Central ' Arizona Project. The 
precise recarmendation of CATS , as expressed to the Bureau in' our report 
of April 22 , 1 98 3 ,  is as follows : 

H- 19 SUITE 1 00  
465 W. S1 MI>Jl.Y'S RD �. Al-YZ. 85705 
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W.E.  Rinne 
Page 2 
January 8 ,  1985 

"CATS recarmends that the Bureau give no further 
consideration to storage at the cat r-t>untain site. 
The ccmn:i.ttee makes this recattrendation, recognizing 
that as the ccmnunity beocrres increasingly dependent 
on CAP water to neet its needs, there will be a need 
for future surface storage of not less than 10 , 000 
acre-feet. This need will occur saretime after the 
year 2000 when, it is projected, there will no longer 
be sufficient well capacity to neet all municipal uses 
should any critical element of the CAP system prove 
not to be reliable enough to deliver water to the 
Tucson area. Prior to the occurrence of such a situa
tion, appropriate econanic analyses for different 
storage voltmes and locations should be conducted. "  

southern arizona water resources association 

We appreciate your attention to this matter of significant importance to us 
and respectfully request that the language of the SAWARA recattrendation be 
included in the final version of the EIS. 

Sincerely, 

Dab � 
Dale Pontius 
President, SAWARA 

DP : 'IM: :mk 

H-20 
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Response to Comment 
Southern Ari zona Water Resources Assoc i at i on 

3-1  We concur wi th your concern . The f ina l  EIS  has been changed to 
accurately portray the recommendati on of CATS . 

H-2 1 





EI PaSD 
Natural &as Campan4 

January 1 4 , 1 985 

u . s .  Department of the I nteri or 
Bureau of Recl amati on 
Ari zona Projects Offi ce 
Su i te 2200 , Val l ey Center 
201 North Central Avenue 
P hoen ix , Ari zona 85073 

4 

Attenti on : Mr . Edward M .  Hal l enbeck 
Project Manager 

Re : R/W 81 721 
Bureau of Recl amation - C . A. P .  
Tucson Aqueduct ( Phase B ) ; 
Vari ous EPNG Faci l i ti es 
Pima County, Ari zona 

Gentl emen : 

P O BOX 1492 EL PASO. TEXAS 79978 PHONE 91 5·541 ·2600 

JAN 11 1985 

. --. - � -

Our Company has compl eted i ts rev i ew of the recently submi tted Draft 
Env i ronmental Impact Statement cover i ng the Phase B proposal s for the 
Tucson Aqueduct project. 

• 

. .  J t - . ! 
I 

Based on the proposed route (West S i de Pl an) outl i ned i n  the Statement , 1 E1  Paso Natural Gas Company faci l i ti es wi l l  be i nvol ved i n  the fol l owi ng 
areas : 

1 .  1 0-3/4- i nch Tucson-Phoenix L i ne;  M . P .  1 24 - Secti on 1 2 ,  
TownShip 12 South, Range 1 1  East ( Drawi ng 1 007 . 0-23A) 

an open canal crOS S i ng i s  proposed 

2 .  26 & 30- i nch Cal i forn i a  Li nes ; M . P .  504+ - S ecti on 1 4 ,  
Township 1 4  South , Range 1 1  East (Drawi ng 1 1 00 . 0-94A) 

an open canal cros s i ng i s  proposed 

3 .  26 & 30-i nch Cal i forn i a  Li nes , M . P .  499+ - Secti on 4 ,  
Township 1 5  South , Range 1 2  East (Drawi ng 1 1 00 . 0-93A) 

a buri ed p i pel i ne cros sing i s  proposed 

4 .  26 & 30- i nch Cal i forn i a  Li nes , M . P .  496+ - Section 1 1 , 
TownShip 15  South , Range 1 2  East ( Drawi ng 1 1 00 . 0-92B) 

an open canal  crossi ng i s  proposed 

H-23 
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u . s .  Department of the Interior 
January 14.  1 985 
R/W 81 721 
Page 2 

5 .  8-5/8- i nch Twi n  Bu ttes L i ne - Secti ons 1 1  and 1 4 .  
Township 15 South ,  Range 1 2  East (Drawi ng 21 43 . 0- 1 )  

an open canal i s  proposed to paral l el approximately 
� mi l e  of thi s p i pel i ne 

Due to the above l i sted i nvol vement of E1 Paso fac i l i ties wi th the 
proposed aqueduct al ignment,  i t  i s  imperative that as detai l ed p l ans 
become avai l able . we be provided copi es in order to prov i de spec i f i c  
comments for the crossings . 

For your reference and i nformation , we are encl osing copi es of our 
drawi ngs refl ecting the anti ci pated crossing l ocations addressed i n  
thi s  l etter 

Your conti nued cooperation i s  appreci ated . 

Very �ru)y yours , 

.� .. -/ //-/' .-' /.. , . 

'- ' -�#��1 f� a ", . t�· · �  
Manager 
Ti tl es-Control s Div i s i on 
Right of Way Department 

BN/ek 

Encl osures 

H-24 



Responses to Comments 
E 1  Paso Nati ona l Gas Company 

4-1 The fac i l i t i es bel ongi ng to the E1 Paso Natura l  Gas Company that 
are effected by the Tucson Aqueduct wi l l  be crossed as fol l ows : 

1 .  The 10-3/4- i nch Tucson - Phoen i x  L i ne mi l e  post  124 , i n  Reach 4 
wi l l  be rel ocated . 

2 .  The 26 and 30-i nch Ca l i forn i a  L i nes mi l e  post  504 , i n  Reach 5 
wi l l  have the canal s i phoned under .  

3 .  The 26 and 30- i nch Ca l i forn i a  L i nes mi l es post 499 , wi l l  have the 
di scharge l i ne from the San Xav i er Pump i ng P l ant pl aced under 
these l i nes . 

4 .  The 26 and 30- i nch Ca l i forn i a  L i nes mi l e  pos t  496+ , i n  Reach 6 
wi l l  have the cana l s i phoned under these l i nes . 

5 .  The 8-5/8- i nch Twi n  Buttes L i ne ,  wi l l  not be affected as the 
aqueduct fac i l i ti es wi l l  be l ocated to the east  of th i s l i ne . 

4-2 The p i pe l i ne i n  Reach 6 wi l l  para l l el the east s i de of you r 
corri dor .  Deta i l ed pl ans wi l l  be coord i nated w ith you as they 
become ava i l ab l e .  
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5 OFFICIAL RLE COPY ,U.S. Bureau of Reclamation lower Colorado ReNJion RE�IVED JAN 24 1985 A 
AcIUoft �/J1uJ January 19, 19�5 

,. ActIOII T....,. ........ 
QIIe 'liliiii To 

Regional EnTironmenta1 Officer 
Lower Colorado Region 

l-:J;tf\ . f"ttd' 'bD 
U. S .  Bureau of Rec1811ation 
Box 427 
Boulder City, Bv . 89005 PIlI 

RE :  Environmental Impact Hearing - Central Ari zona Project -
Tucson Aqueduct 

Gentlemen : 

We are ver,y .uch against changing from the West Side Plan 

"-

to anT of the propoeed a1ternatiTe plane , eepecia111 the 1 plan that would follow Sanders Road . 

We feel the alternative plane are costly, will bave a 
heaT,1 i�act on a great many aore people, inV01Ting 
mOTes ,  dieruption of transportation and senice! , and 
.ore 1fti1ee 01 burted pipeline, "hich affects tiae as well 
ae coets . 

The West Side Plan fo110we the natural contour of the land, 
utilizes Brawley Wash and the flood plain, croeses so.e 
Federal land, dierupts fewer peoplle ad eenicee , and 
coste lee s .  

The eo called "Friends o f  the Desert" and the Park Senice 
see. more concerned about a saa11 part of the deeert which 
is spare ely eett1ed, ueed TerT little and populated bT Ter,y 
few birds and anaale, coapared to the Beed for water and 
the hlmln e1 .. ent . 

Our Tote ie for the West Side Plan . 

S1IlcerelT. 

ML �� Mr�Oltf:.� 
12661 W. Picture Rock Road 
Tuceon, Ari �ona 85743 
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Response to Comments 
Mr. & Mrs . C .  No l en Bel l 

5-1  Your support for the  West S i de Pl an has  been noted and your  
comment i s  ava i l ab l e  to dec i s i onmakers . 
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6 OFFtClAl ALE COPY 
U.S. Bureau of Reclamation 

Lower Colorado Realon 
RECEIVED JAN 24: 1985 A 
ActIDII �l11 tJ 

P I MA COUNTY AetIoft Til*! InI*Ia 
Date IlIIIiI/ To 

... A 

OFFICE OF THE COUNTY MANAGER 

1 31 W CONGRESS, 1 1 1h FLOOR 
TUCSON, ARIZONA 85701 

(602) 792-8661 '-1J-7 11K I:5CJ 
CRAIG A. McDOWELL 

COUNTY MANAGER 

January 2 2 , 1 9 8 5  

Regional Environmental Officer 
Lower Colorado Region 
u . s .  Bureau of Reclamation 
Box 4 2 7  
Boulder City , Nevada 8 9 0 0 5  

RE : Draft Environmental Impact 
Tucson Aqueduct - Phase B 
Central Ari zona pro j ect 
Statement Number :  INT DES 

Gent lemen : 

..... 

Statement 

8 4 - 6 8  

The planned mitigation efforts i n  the f ive aqueduct 
a lternatives addre s s  the requirements neces sary to minimi ze 
the eleven impact areas which were analyzed . I f  a regional 
consensus can be reached quickly , the western alignment may be 
the most viable cours e  of action taking into cons ideration 
cost , physical impact , and mitigation ef fort s to wi ldlife . 

I hope that the Environmental Impact Statement i s  
completed on schedu le i n  August and the Pha se B Aqueduct i s  
funded and implemented as soon as possible . Thi s region needs 
the CAP water al location by 1 9 9 0  to minimi ze the impact of 
overdrafting to our groundwater reserves .  

craig
, 
j" McDowel l  

CAM£m 
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OfFICIAL FILE COPY 
u.s. eur.U of Reclamation 

LoWlf ColOrado ft. • 

RECMED JAN 28 1985 A 
PIMA COUNTY HEALTH I1£PARTM£NT AIIIoft {{1:11 #1. � 

1 5 1  West Conqress Street 
Tucson. Ariznna 85701 

AcIIoII TIIIen 
0.-

-
.... ,. 

, ... ... 
PATRICIA A. NOLAN. M.D. W'-, YlK 150 

DIRECTOR 

Reg ional Env i r onmental O f f i cer 
Lower Colorado Reg ion 
u . s .  Bureau of Rec lamat i on 
Box 4 2 7  
Boul der C i ty ,  Nevada 8 9 0 0 5  

D e a r  S i r : 

January 18 , 1985 

,. 

Thank you for the oppor tuni ty to r ev i ew and comment on the d r a f t  
env i ronmental i mpact s t at ement ( INT DES 84-68 ) f or Pha se B of the 
Tucson Aqueduct . 

We are concerned about the p r oposed u s e  of ma intenance road s a long 
the aqueduct r ight-of - way by r ecr eat i on veh i cles ( Chapter I I , 1 C . 5 . b . , page 66 ) .  D u s t  gener ated by of f-road and r ec r eat ion 
v eh i c l e s  oper ated in dry washes , r iv erbeds , and open a r eas has had 
s i gn i f i cant local i z ed i mpact s  on a i r  qua l i ty in Pima County in the 
pas t . Rule 3 4 5  o f  the P ima County A i r  Qual i ty Control Rul e s  and 
Regul a t ions was adopted i n  1 9 8 2  to r e s t r i c t  those act i v i t i e s  and 
r educe the i r  impacts on a i r  qual i ty .  The unr e s t r i cted u s e  of the 
access road s by r ecreat ion veh i c les wou ld be contrary to both the 
i ntent and the sp i r i t  o f  Rule 3 4 5 . Moreover , a s  f uture 
deve lopme nt i n  the areas near the aqueduct occur s ,  it is l ikely 
that there would be numer ous compla ints r egar d i ng dust f rom 
r ec r eat ion veh i c le s . For these reasons the P ima County Ai r 
Qual i ty Control D i s t r i ct s ugge s t s  acce s s  to these r oads should be 
r e s t r i ct ed to ma intenance v eh i c les only . 

I f  acce ss i s  not l imi ted , Rule 3 15 of the P i ma County A i r  Qual i ty 
Control Rul es and Regulat ions r equi r e s  the i ntermi ttent 
appl i cat ion of oi l ,  water , or chem i c a l  dus t  supp r e s sants to the 
r oad a f ter cons t r uc t io n  to control dust emi s s i ons . Cop i es of 
Rules 3 1 5  and 3 4 5  a r e  attached f or your informat ion . 

DLB : mqn 
Attachments 

S i ncer e ly ,  
AI R QUALITY CONTROL DI STRICT 

cfl�/.�� 
Donald L .  Bur tch i n  
Sen ior A i r  Qual i ty Analys t 
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capac i ty less tha n  or equal to 40 , 000 ' g a l lons , i f  the 

f i l l  l i ne be tween the f i l l  connect ion and the tank i s  

o f f se t . 

� Ru l e  3 1 5 : Road s  and Stree t s  

6 A .  pus t  emi s s ion s  f rom a n  ex i s t ing unpaved publ ic road mus t  be 

7 
8 

1 0  
1 1  

m i n i m i zed wi th use o f  a n  e f f ect i ve dus t  s uppre s san t , 

pav i ng , detour i ng , ba rr ing acce s s ,  l imi t ing veh i cular 

speed s ,  or other equ i va l ently e f f ect i ve controls appl ied to 

the ent i r e  wi dth of the road sur face ava i lable to veh i cular 

t r a f f i c . 

1 2  B .  Du s t  em i s s ions f rom the con s t ruct ion phase o f  a new road 

mu s t  be m i n i m i zed by applyi ng the same meas ures spec i f ied 

in Part 1\ of th i s  RULE . 

1 G  C .  No new unpaved pr i va t e  dr i veway shal l  be con s t ructed unle s s  

1 (; 
1 7  
1 M  

1 ! )  
20 
2 "  
2� I 
2:1 1 1  �·1 ! !  

2G 
. 27 

o .  

. 
the road w i l l  not be used by more veh i cular tra f f i c  than 

that a s soc i at ed w i th a one- or two- fami ly pr i vate 

res idence , and the road w i l l  not be adjacent to any 

recreat iona l , ins t i tut ional , educat ional , or reta i l  s a l e s  

fac i l i ty .  

No new u npaved serv i ce road or unpaved hau l road sha l l  be 

cons t r ucted unle s s  dus t wi l l  be suppressed a f t e r  

cons t ruc t ion by intermi t t en t ly oi l i ng ,  water ing , l im i t i ng 

acce s s , or apply ing chem i ca l  du s t  s uppre s sants to the road , 

i n  s uch a way tha t  v i s ible dus t emi s s i ons caused by 

veh i cu lar t ra f f ic on the road do not d i  f fuse beyond the 

property l i ne wi th i n  wh ich the emi s s i ons become a i rborne . 

2M E .  No new publ i c  road shal l  be constructed unl e s s  the 

I I  " 
64 

H-3 2  



1 

7 
8 
9 

10 
1 1  
12  
13  

f o l lowi ng cond i t i ons a r e  met ( zon ing t e r ms and paving 

spec i f i cat ions i n  the fol lowing. are thos e  de f i ned by or 

equ i valent to those of the P i ma County P lann i ng Depa rtment 

and P ima County H ighway Department , re spect i ve l y ) :  

1 .  I f  zoned CR- l  ( one f u l l  acre or larger ) or l e s s  dense , 

at lea s t  a 4- i nch ba se coa r s e  and doub le bi tumi nous 

s u r f ace t r eatment sha ll be appl i ed , or 

2 .  I f  zoned CR- 2  or dens e r , at least a 4- i nch ba s e  coarse 

cove reo wi th at l east 1 . 5  i nches of a spha l t i c  concrete 

shal l be app l ied , and 

3 .  A chemical ly t r ea t ed s ubs t i tute ba se and appropr i ate 

s u r face t r eatment may be u sed i f  approved ' by the P ima 

County H ighway Depar tment . 

1 4 F .  The sur fac i ng o f  roadways w i th asbe s tos ta i l i ng s  i s  

15  proh ib i t ed .  

Hi 
1 7 Rule 3 16 :  P a r t i c u late Mat e r i als 

1 8 A .  Dus t  emi s s ions f r om th e proce s s i ng o f  mater i a l  mu st be 

I H  
20 
2 1  
22 

. 
m i n i m i zed by hood ing and use o f  dust-co l l ec t ion equ i pment , 

water spr ays , or u s �  of wet s c r ubber s ,  f abr i c  f i lters 

( baghou s e s ) , e l ec t r ostat ic prec i p i tator s ,  or other 

equ i valently e f f ect i v e  contr ols . 

2:1 B . Du s t  emi s s ions f rom cons t ruct ion act i v i ty mu s t  be m i n i m i zed 

24 by app ly i ng adequate amounts o f  water or other equ i val ently 

25 e f f ect ive dust control s . 

26 C .  Dus t  emi s s i ons f rom the tr anspor tat ion o f  mater i a l s  mu st be 

27 
28 

m i n imi zed by cove r i ng s tocK loads i n  open-bod i ed t r ucK s ,  

l im i t ing veh icular speeds , o r  other equ i valently e f f ect ive 

H-33 
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� I 
:i 

4 
!) 
6 
7 
8 
9 

10  
I I  
1 2  
1 3  

{ \. 1 4  
1 5  
Hi 
1 7  
1 H  
1 0  
20 
2 ]  
22 
2:1 
24 
25 
26 
27 
28 

Ru le 344 : Odor L i mit ing Standa rds 

A. No pe rson sha l l  cau se or permi t emi s s ions from ma lodorou s 

ma tter to cross a property l ine be tween the source and a 

res ident i a l , recreat ional , i nst i tut ional , educat ional , 

reta i l  s a l e s , hote l , or bu s i ne s s  premi s e  wi thout m i n i m i z i ng 

the emi s s ions by applying g ood modern pract i ce s . 

1 .  Ma lodorou s mat ter sha l l  inc lude but not be l im i t ed to 

pa int s ,  ac i d s , a lkal i e s , pest i c ides , fert i l i ze r , and 

manure . 

2 .  Th i s  RULE ·shal l  apply to the proc e s s i ng , s tor ing , use , 

and t ransport ing o f  malodorous compounds . 

3 .  Emi s s ions f rom l i ve t r e e s , shrubs" plants , f lower s ,  

domes t i c  garden i ng , and res id ent i al f i replaces sha l l  

not be cons idered malodorou s w i th i n  the meaning o f  th i s  

RULE . 

• 
B .  The Control O f f i cer sha l l  not forma l ly prosecute v i o l at ions 

of th i s  RULE unl e s s  f i ve or more persons reg i s ter 

compla ints w i th the Control O f f icer dur i ng a consecut i ve 

l 2-month per iod ( r egard i ng the same apparent source o f  

odors ) .  

Ru l e  345 : Fu
'
g i  t i  v e  Du st Emi s s i ons Standards f o r  Motor Veh i c l e  

Operat ion ( Amen d e d  6 / 7/82 ) 

A .  No per son sha l l  dr i ve a motor veh i c l e  i n  a dry wash , 

r i verbed or open area in such a way as to cause or 

cont r ibute to v i s ib l e  dust emi s s i ons wh i ch then cross 

property l i ne s into a r e s i dent i al , recreat i ona l , 

ins t i tut ional , educat ional , reta i l  sal es , hote l  or bu s i nes s  

H-34 
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premi s e s . 

2 B .  Any ope rator o f  a motor veh i c l e  found to be i n  v iolat ion of 

th i s  RULE sha l l  be gui l ty o f  a pe tty o f fense a s  prov ided 

4 unde r ARS 3 6- 789 . 0 1 . 

5 C .  I n  accordance w i th the prov i s ions o f  ARS 3 6- 7 89 . 0 1 , peace 

6 
7 
8 
9 

10  

o f f i ce r s  a r e  author i zed t o  i ss ue a no t i ce t o  appear for any 

v i o la t i o n  of th i s  RULE . I n  l ieu o f  i s s u i ng a not ice to 

a ppear , peace o f f ice r s  may f i le a v io lat ion r eport w i th the 

Control O f f i cer , reque s t ing h im t o  f i l e a comp l a i nt 

a l l eg i ng v i o lat ion o f  th i s  RULE pur s uant to ARS 3 6- 7 89 . 0 1 . 

1 1  D .  The Control O f f i ce r  and h i s  d epu t i e s  sha l l  conduct 

1 2  
1 3  
1 4  

Hi 
1 7  
1 R  

s urvei l lance o f  the dry washe s ,  r i  verbeds , and open a r eas 

and inve s t igate c i t izens ' comp l a ints a l l eg i ng v i o lat ions of 

th i s  RULE . When the Control O f f icer has r easonab l e  cause 

to be l ieve tha t the re may be a v iola t io n  o f  th i s  RULE , he 

shal l  reque s t  the a ppropr i at e  peace o f f i ce r  to take s uch 

act ions as are nece s sary to enforce th i s  RULE . 

1 B  REGULATION 3 5 : HAZARDOUS AND TOXIC POLLUTANT S 

Rule 3 5 1 :  Nat ional Emi s s i ons Standards for Hazardous Air 

Pol lutants { NESHAP }- ,  ( Amen ded 1 2 / 6 / 8 3 ) 

22 A .  40 CFR 6 1 ,  except for 6 1 . 04 ,  as o f  June 8 ,  1 98 3 , i s  her eby 

adopted by re f erence and made a par t he r eo f . 

24 
25 REGULATION 3 6 : STANDARDS FOR SELECTED SOURCES 

26 Rul e  3 6 1 : New Source Per f ormance Standa rds { NSPS } ( Am e n d e d  -- 1 2 / 6 / 8 3 ) 
27 A .  40 CFR 60 , e xcept for 4 0  CFR · 60 . 4 and Subpar ts B and C ,  as 

2R of June 8 ,  1983 , i s  hereby adopted by r e f e r ence and made a 
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Response to Comments 
P i ma County Heal th Department 

7- 1  The di scus s i on on  Long Term Impacts i n  Chapter I I I , C . S . b . , 
does not refer to unrestri cted use of the ma i ntenance roads by 
motori zed recreat ion veh i c l es .  Any recreati ona l use of the CAP 
ri ght-of-way i s  conti ngent upon a l ocal mu n i c i pal i ty becom i ng a 
l ocal recreati on sponsor , tak i ng respons i b i l i ty for the 
estab l i shment and management of the recreat i on areas . We are 
cu rrently work i ng to obta i n  a l ocal recreat i on s ponsor for areas 
a l ong the Tucson Aqueduct .  Any recreation s ponsor devel opi ng or 
managi ng CAP 1 ands a l ong the Tucson Aqueduct wi 1 1  be requ i red to 
address , i n  a recreat ion devel opment and/or management p l an ,  and 
comp ly wi th a l l county ru l es and regu l ati ons concern i ng a i r  
qua 1 i ty control . 

Cu rrent recreation pl ann i ng for the Tucson Aqueduct i ncl ude the 
es tab l i shment of a mu l t i -purpose tra i l  a l ong the ups l ope boundary 
of the CAP r ight-of-way and a few tra i l - rel ated areas i n  the 
fl ood detent i on bas i ns .  The only motori zed recreat ion veh i c l es 
ant i c i pated to use the ma i ntenance roads are those offi c i a l 
veh i c l es necessary to provi de recreat i on secur i ty and 
ma i ntenance . Th i s  motori zed use wou l d  be 1 i m i ted and restricted 
to those areas a l ong the Tucson Aqueduct wh i ch are otherwise  
i naccess i b l e .  
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<t'tlttQey C{)lgtlllbutlttg Co 
21 04 S.  Eucl id - Tucson,  Arizona 857 1 3  

602-623-8800 

OFACIAL ALE COPY 
U.S. Bureau of Reclamation 

lower Coforado Region 

RECEIVED JAN 28 1985 A , 

Adton f1'j//?/L-
MlIo" TIMIt 111II1&II 

ON 'Illtial Te 

It;O 

Nt 

January 2 3 , 1 9 8 5  

To : 

From : 

Re : 

Reg i on a l  Env i ronmental O f f icer 
Lower Colorado Reg i on 
U . S .  Bureau o f  Rec l amat i on 
P . O .  Box 4 2 7  
Boulder City , Nevada 8 9 0 0 5

/l 
-

Dorothy H .  F i n l e y  � �� 
we s t s ide A l ignment Plan of the Centra l Ar i z ona Pro j ect . 
I am wr i t i ng to s upport the " We s t s ide Al ignment P l a n "  
a s  s tudied and eva l uated i n  the dra f t  Environmenta l 
Impact Statemen t s , and reque st that the con s truct ion 
beg i n  as soon as pos s ible s ince the adveer s e  environ
menta l impact i s  s l ight . 

DHS/kam 
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Responses to Comments 
Fi n l ey D i s tr i but i ng Company 

8-1  See response to comment 5-1 . 
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Responses to Comments 
J u l i e  Savory 

9-1  In  response to pub l i c  comments , both verbal and wri tten , to the 
d raft E I S  and based on d i scu s s i ons wi th the Nat i onal Pa rk 
Serv i ce ,  Fri ends of the Desert and the Southern Ari zona Water 
Resources Associ at ion , the dec i s i on was made to i ncl ude 
Sanders-San Joaqu i n  Mod i fi cation P l an to the f ina l  E I S .  
D i scus s i ons rel ati ve to th i s  p l an have been i ncorporated 
throughout the document where appropr iate . 

9-2  The Sanders-San Joaqu i n  Mod i fi cati on P l an has been stud i ed to the 
same l evel of deta i l as the other pl ans . 

9-3 See response 9-1 . 

9-4 See response 9-1 . 
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Responses to Comments 
Mr . & Mrs . H . W .  Peden 

10-1 See response to comment 5-1 . 
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1 1  I RR I GAT ION & ELECTRI CAL D I STRICTS 
ASSOC IAT I ON OF ARI ZONA 

H . • . RAYMON D  

.. ..  KIIDKNT 
w . .... D U N N  

YICK ..... K.IDKNT 
ROBERT S. L.Y NCH 

.ECIlKT ... lly.TIIK .... UIlEII 

Mr . N .  W .  Plummer 
Regiona l Director 
Lower Colorado Region 

SU ITE 720 

2 e 4 B  E .  C ... MEL.BACK ROAD 

PHOENIX, AZ eBO l e  

TEL.EPHONE: 8 B e.8878 

February 4 ,  1 9 8 5  

U . S .  Bureau o f  Reclamation 
Post Of fice Box 4 2 7  
Boulder City , Nevada 8 9 0 0 5 

OFFICIAL RLE COPY 
U.S. Bureau of Aeela .. atlon 

ower COl r 0 ion �� FEB 7 �5 
I . �------�.<�{.'-------

AeIft-" 

RE :  Dra ft Environmental Impact Statement for Tucson 
Aqueduct - Pha se B , Centra l  Ari zona Pro j ect 

Dear Mr . Plumme r :  

We have reviewed the dra ft Environmental Impact State
ment for Tuc son Aqueduct - Phase B and have the fo l lowing com
ments . 

First , we support the agency proposed action to con
struct the aqueduct along the alignment known as the "Westside 1 
Plan" . It is obvious from the Environmental Impact Statement 
that thi s alternat ive is the most economical way to de liver water 
to the City o f  Tuc son and other water contractors in that area . 
Given the fact that funding for the Central Ari zona Proj ect is 
coming under increas ing scrutiny in Congres s  and at the Of fice of 
Management and Budget , and up- front funding i s  being actively 
cons idered here in Arizona , it would be hard to j us t i fy something 
other than the most economical alternative for thi s part o f  CAP . 
Thi s a lternative is a l so the most economical in terms o f  power 
use for water pumping purposes . Adopting thi s route wi l l  con
serve scarce power resource s and aid in ho lding down municipal 
and industrial water co sts . This a lternat ive thu s aids national 
and local power conservation obj ective s . 

Second , we fee l both the conservat ion o f  funds and 
conservation o f  power resources that could be achieved with the 
We stside Plan meet the spirit of Title I I  o f  Pub l ic Law 9 8 - 3 8 1 , 
the 1 9 8 4  Hoover Act Amendments . The obligations that many o f  us 
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Mr . N .  W .  P lummer 
February 4 ,  1 9 8 5  
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agreed to shou lder in that act were assum�d on the bas i s  that the 
United State s wou ld achieve economies in comp letion o f  the 
Central Ariz ona Pro j e ct whereve r it could . 

Third , we believe the dra ft Envi ronmenta l Impact 
Statement adequate ly disp lays the trade-offs between environ
menta l consequence s and economic deci sions . Thus , we fee l it can 
provide an adequate basi s , when finalized , for a decis ion by the 
Secretary o f  the Inte rior . 

We thank you for the opportunity to comment on thi s 
dra ft Environmental Impact Statement . We wou ld appreciate be ing 
kept in formed o f  further actions to develop the final s tatement . 

RSL : kbs 
D 3 /n 

cc : IEDA Members 
Congre s siona l De legation 
CAWCD 

Sincere ly ,  
" i , \  

, \ -" , / \. .-
Robert S .  Lynch 
Secretary-Treasurer 
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Responses to Comments 
I rri gat ion & El ectri ca l  D i s tri cts 

Assoc i at i on of Ari zona 

1 1 -1 See response to comment 5- 1 . 
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12 
T H E  U N I V E R S I T Y  O F  A R I Z O 
T U C S O N. A R I Z 0 N A 8572 1 

COLLEGE OF ENGINEERING 
WATER RESOURCES RESEARCH CENTER 
A.E. DOUGLASS BUILDING 28 

February 1 ,  1 985 

Mr . Edward M .  Hal l enbeck 
CAP Project Manager 
P . O .  Box 9980 
Phoen i x ,  Az . 85068 

Dear Mr . Hal l enbec k :  

Enc l o sed i s  a n  ed i ted vers ion  of the statement I presented a t  the 
January 25 , 1 985 heari ng to i nc l ude in your  f i nal  draft of the E I S .  I 
wou l d  a pprec i ate a spec i f i c  response to each of the i s sues presented i n  
the statement i n  the f i na l  vers i on of the E I S .  

I t  i s  essent ia l  that the State of Ari zona fol l ow Cal i forn i a ' s  l ead and 
u se our s treams to recharge the state ' s  aqu i fers wi th  surpl u s  waters now 1 bei ng wasted due to i nadequate s torage.  T he s tream recharge of CAP water 
i n  the Tucson Bas i n  wou l d  be an i mportant beg i nn i ng to accompl i s h  th i s  
goal . 

CBC : pn 
Enc . 

Yours trul y ,  

C.&J � 
C .  Brent C l uff 
Assoc i a te Hydro l og i st 

cc : N . W .  P l ummer, Reg i ona l D irector� 
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STATQ1ENT O N  R ECHARGE OF CAp· 

(1 ) Recharge of CAP in the Tucson Area has not been adeq uately 
consi dered by the USBR. This is evident in the evaluation as reported in the Phase 
B Environmental Impact Statement. Specific problems with the USB R  evaluation are 
as follows: 

2 

3 

4 

a.The USBR determined costs of the CAP/Floodwater storage as 
$9 5 ,000,000 but allowed only $150/acre-foot value for the floodwater 
conserved. This is several times less than the true cost of getting an 
acre-foot of Colorado River pumped 2400 feet uphill from the 
Colorado River to Tucson. Treated sewage effluent is being sold to 
the La Paloma development for $300/acre-foot.  The value of the 
much better quali ty floodwater should at least be equivalent to 
that. The CA P/Floodwater storage reservoir lo cated west of 
Rattlesnake Pass also provided 10 ,000 acre feet of emergency 
storage for CAP. No benefits were listed for this storage in  the USBR 
Floodwater/Recharge Analysis. The least expensive 10,000 acre-feet 
storage other than CAT mountain was the San Joaquin site. It was 
estimated by the USBR to cost $36 ,000 ,000 with an annual OM& R 
cost of over 3 million. These costs should be added to the preferred 
W estside ali griment in any comparison with the Floodwater/CA P 
Recharge proposal. Because of these complications surface storage of 
both floodwater and CAP water has been deleted from the attached 
cost comparison. 

b.The USBR used greatly reduced capital and operating costs of the 
proposed three phases of the Tucson treatment plant and 
distribution systems. It used $57 ,00 0 ,000 as the total capital cost 
instead of a previously announced City of Tucson esti mate of 
$200 ,000,000 cost for the first phase. The USBR used a 
$13.40/acre-foot cost instead of the $40 acre-foot 0 & M cost 
used by the City of Phoenix for its CAP Treatment Plant. 

c.Energy rates used for the recharge alternative were 68 mills/KW H 
compared to 43  mills for the preferred Westside Plan. This and other 
factors produced energy costs nearly two times higher for the 
recharge proposal. Under the Westside Plan all water delivered 
to Tucson will be pumped to the 2800 ft elevation. Under the Eastside 
recharge plan not more than 1/2 of the water would need to be 
pumped that high the rest would be below 2600 ft. The energy cost of 
operating the re charge aqueducts should be less not more than pumping 
an equivalent amount of water to the treatment plant. The energy and 
and operation cost of continued pumping from wells is $45/acre/foot 
in 198 2  dollars. This is offset by the $40/acre-foot operation cost 
of the treatment plant. 

• Statement by C. Brent Cluff made on January 25 ,  1985  at the USBR 
Hearing on the Phase B Environmental Impact Statement ,  
Tucson ,  Arizona.  
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d.The USBR did not consider the value of being able to store surplus 
CAP waters using recharge, in wet years that can be used during 
ti mes of drought. With recharge Tucson would not be dependent on 
a day to day delivery from a flucuating water source 350 miles away. 

e.The USBR did not consider power management benefits si milar to 
those being used to justify construction of storage dams in Plan 6 
near Phoenix. To obtain these benefits all recharge would be done in 
the winter when power costs are lower. The excess summerti me power 
made available could be sold. If these benefits are included the 
average annual costs of the Phase B aqueduct could be reduced by 
20 %.  

f .  The USBR analysis did not consider the value of recreational 
benefits inherent in the recharge alternative. There will be li ttle or 
no recreation benefits in the preferred route. 

g.The USBR charged for the value of water lost to Tucson Water 
without showing the same value for additonal water stored in the 
aquifer that would be used by other pumpers or be available for 
Tucson Water in the future. 

As shown in the accompanying table when a proper accounting is made the 
annual costs usi ng the Eastside Route with recharge is 63 percent of the annual 
costs of the favored Westside plan without recharge. Although the construction 
costs of the aqueducts are $67 ,000 ,000 higher with the Eastside Recharge Plan 
additional costs can be easily repaid by the large power management benefits. The 
major monetary savings between the two concepts would accrue to local water 
users . The need for a expensive treatment plant and distribution system would be 
eli minated. 

5 

6 

7 

8 

(2) The Westside Alignment does not provide the possibility of a combined 9 syste m so that a mixture of CAP and treated effl uent can be delivered to the Avra 
Valley Irrigation District and the Shuk Toak District. This delivery would be made 
in a buried pipeline without the environmental consequences of the open canal of 
the preferred Westside alignment. 

(3 ) The W estside Ali gnment with "clear water" delivery after treatment is a 10 departure from the traditional method of USBR delivery and may be difficult to 
def end in congress. 

(4) In contrast the U .S. Congress recently passed a recharge bill directing the 1 1  USBR to become involved in recharge projects. The inclusion of the possi bility of 
recharge in the Phase B aqueduct will enhance continued Federal funding. 

The available storage in the Tucson Basin Aquifer has been compared in a 
recent newspaper article to Lake Mead. If this vast slowly draining 30 ,000 ,000 
acre-foot storage were above ground and visible the citizens of this area would 
insist that any importation of CAP water from a flucuating water source 350 miles 
away be connected to that water storage. Unfortunately the storage is not visible , 
the general public is unaware of its potential and of the serious future 
consequences of failing to connect the CAP aqueduct to the Tucson aq uifer using 
stream recharge. 
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R echarge of imported water is not a new co ncept. It has been done on a large 
scale in California for over 50 years. The method is economical particularly when 
stream recharge is used. 

In conclusion for all of the above reasons the USBR should designate the 
Eastside Alignment as the preferred ali gnment in the final Phase B, Environmental 
Impact Statement. This would be done as a means of reducing the environmental 
impact and to better facili tate the recharge of both allocated and surplus CAP 
water in the Tucson Basin .  This should not significantly delay the project. No new 
environmental studies would be needed for the basic aqueduct. The floodwater/ CAP 
storage reservoir and recharge features can be added at a later date . 
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ALTERNATI VE 
(DST CD\1PARI OON TABLE 

(Al l cos t s  are i n  Thousands of Dol l a r s ) 
January 19 8 2  Pr i ee Level s  

Reeharge Reeha rge No Reeharge 
(DNSlRtcrION (DST Eas t s i de Wes t s i de Wes t s i de Plan 

�/Tueson Aqueduet 197 , 506 172 , 766 186 , 338 
Cl ea r Water Del i very ( l )  N/A N/A 40 , 800 
�/ I nd i an De l i ve ry ( 2 )  8 , 2 50 1 , 7 50 1 , 7 50 
Avra Va l l ey Del i very ( 3 )  N/A N/A N/A 
canada De l Oro P i pel i ne 17 , 349 27 , 2 53 N/A 
Pan tano/Tanque Verde 
P i pel i ne 68 , 7 12  9 6 , 3 20 N/A 
San ta Cruz C8nal ( 4 )  1 , 530 1 6 , 00 3  N/A 

Subtotal  294 , 09 7  3 1 4 , 09 2  2 27 , 088 

Wa ter Treatment Pl ant ( 5 )  
(F i rs t  Phase ) N/A N/A 50 , 0 00 
(Seeond Phase ) N/A N/A ? 
(Th i rd Phase )  N/A N/A ? 

Di s t r i but i on Sys tem( 6 )  
(F i r s t  Phase ) N/A N/A 1 50 , 000 
(Second Phase ) ? ? ? 
(Th i rd Phase )  ? ? ? 

Wel l  Cbl l ee t i on Sys tem ( 7 ) 
(F i r s t  Phase ) N/A N/A N/A 
( Second and/or Thi rd 
Phas es ) 26 , 000  26 , 000 26 , 000 

To ta l  F i e l d  Cbs ts 320 , 09 7  340 , 09 2  453 , 088 

Non Cbnt raet @2 5% 7 3 , 524 78 , 52 3  1 13 , 27 2  

Tot a l  Cbns t .  Cbs t s  400 , 1 2 1  425 , 1 1 5 566 , 360 

I nter es t  dur i ng Cbns t .  76 , 27 2  8 1 , 0 37 107 , 962 
Env i ronmental  Mi t . (8 )  6 , 9 10 8 , 380 2 , 430 

Tot a l  cap i tal  Cbs ts  
Fo r F i r s t  Phase 48 3 , 30 3  514 , 532  676 , 7 52 
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ANNUAL COSTS 
Annua l Equi va l ent of 
COns t ruct i on COs t s  36 , 874 39 , 2 57 51 , 634 

(MeR 
Aqueduct Sys tem 7 , 9 69 (9 ) 9 , 079 (9 ) 8 , 650 

Treatment Pl ant 
( 89 , 507 a . f . � $40 ) N/A N/A 3 , 580  

Wel l s  Repurrp Sys tem 
( 89 , 507 a . f . � $45 )  4 , 027 4 , 027 N/A 

Recharge Sy s tem( 10 ) 688 680 N/A 

Val ue of Water Los t 
Due To Evaporat i on ( 1 1 ) 1 , 252 1 , 77 6  1 , 024 
To Tucson �ter ( 12 )  5 , 306 5 , 306 N/A 

Val ue of Water  Added 
to Aqui fer  ( 13 )  ( 5 , 30 6 )  ( 5 , 306 ) N/A 

Val ue of Surpl us � 
Added to Aqu i f er ( 14 )  ( ? )  ( ?  ) N/A 

Recrea t i ona l Benef i t s ( 15 )  ( ?  ) ( ?  ) N/A 

Power Management Bene f i t s (9 , 8 0 0 ) ( 16 )  (9 , 8 00 ) ( 1 6 )  N/A 

Tot a l  Annual CO s t s  ( 17 )  41 , 002 45 , 0 19 64 , 888 

IOOrRJI'ES 

( 1 )  Cl ear water  Del i very wi l l  be made by USER i n  the 
Wes t s i de no- recha r ge p l an . 

( 2 )  Th i s  co s t  for the del i very to the Shuk Toak Di s t r i c t of  
the  Papago Reserva t i on was taken f rom the  Dra f t  COpy of  the  
EI S Tucson Aqueduct Phase-B. 

( 3 )  Avra Va l l ey Del i very i s  no longer appl i cabl e to any 
de l i ve ry p l an s i nce the Ci ty  of Tucson ' s  announced 
i n tent i on to pur chase and re t i re the farml ands be l ongi ng to 
the AVRA Va l l ey I r r i ga t i on Di s t r i ct .  I f  Tucson does not 
pur chase the farmlands as announced de l i very of � can be 
made us i ng the same p i pel i ne that  woul d  a l so del i ve r  
t r eated ef f l uent . 

( 4 )  San t a  Cruz cana l wi l l  de l i ver  water  
of Aqueduct to San ta Cruz Ri ver for  
recharge . 
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( 5 )  The water Trea tment Plant i s  to be bui l t  i n  three 
s t ages each of  wh i ch wi l l  have a capac i ty of approx imately 
50 , 000 acre-feet . The cos t  of the second and thi rd phases 
has not been announced . 

( 6 )  The di s t r i but ion sys tem to move water  f ram the 
t reatment pl ant to t he ex i s t i ng di s t r i but ion  sys tem wi l l  
a l so be bui l t  i n  s tages howeve r some po r t i ons of the f i rs t  
s tage wi l l  be des i gned to carry the ful l capaci ty of the 
f i na l  treatment plant so that the cos t of subsequent stages 
shou ld  be l ess than the f i r s t  s t age . The cos t s  of the 
second and thi rd s tages needed fo r the t reatment plant  have 
no t been announced . S i mi lar ly the cos t s  of the connect i ng 
new we l l s  to the ex i s t i ng sys tem have no t been de term i ned .  

( 7 ) The Tucson Water Depar tment has on several  occa s i ons 
announced that we l l s  would cont i nue to be used i f  � water 
was no t ava i labl e because of  drougth . Thus a large wel l  
f i e l d  wi l l  have to be bu i l t  and ma i nt a i ned even wi th the 
advent of � water . The Ci ty has suf f i c i ent we l l  capaci ty 
for the near future par t i cu l a r l y  i f  the aqui fer i s  
recharged and the rate of drop i n  the water tab l e  i s  
reduced . However i n  the f ut ure add i t i ona l wel l s wi l l  be 
needed for an emer gency sour ce of water . For thi s reason 
the $26 , 000 , 000 es t imated cos t by the Tucson water 
Depa r tment was appl i ed to a l l a l terna t i ves . 

( 8 )  Env i ronmenta l  mi t i ga t i o n  cos t s  wer e  l e f t  the same as i s  
de scr i bed i n  the USER memo of Jan . 5 ,  1984 . These cos t s  
wou l d  be l ess  wi thout f loodwater s torage . 

(9 ) These cos t s  were reduced subs tan t i a l ly from the USER 
Phase B draf t of the EIS due to a dropp i ng of the sur face 
s torage reservo i r  and use of the 4 3  mi l l s / �h rate . The 
to tal  energy cos t s  of the recha rge a l terna t i ves shou ld  be 
l es s  than the �s t Si de Pl an s i nce 1 / 2  of  the water i s  
pumped to less  than 2600 f t . e l eva t i on .  The remai n i ng water 
i s  pumped to the 2800 foo t e l eva t i o n .  There i s  more 
p i pe l i ne par t i cu l ar ly i n  the Eas t s i de Recharge 
a l ter na t i ves . The p i pe l i ne uses more energy than an 
equ i va l ent  s i zed open cana l but cos t s  less  to mai ntai n .  
Therefore the � cos t s  for the recharge al ternat i ves 
shoul d  no t be much di f f erent than the wes t S i de Plan . 
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( 10 )  The co s t s  of operat i ng the recha rge sys tem i s  ba sed on 
co s t s  of a s i mi lar s t ream recharge sys tem i n  Orange Cbun ty , 
Oi l i  f • 

( 1 1 )  Th i s  i s  the va l ue of the maximum expected evaporat ion  
C $200 pe r acre -foot . These cos ts  shou ld be i ncreased to 
re f l ect the ac tua l cos t s  of impor tat ion , however wi th  
wi nter t ime recha rge the  evaporat i on loss  as repor ted he re 
wou ld be s i gn i f i can t ly reduced . 

( 12 ) Tucson Water est  imates tha t they can onl y  recove r 
about 7 0% of the water recharged us i ng the i r wel l s . The 
ot her 30% wou ld be recovered by pr i vate pumper s  and wa te r  
compan i es .  Therefore th i s  wou l d  be cons i dered a l o s s  by 
Tucson Wa t e r . 

( 13 )  Th i s represen t s  the va l ue to pr i vate pumper s and wa t e r  
compan i es o f  the 30% o f  the rechar ged water  that they wi l l  
pump . They woul d  pump thi s amount of water wi t h  or wi thout 
the rechar ge al terna t i ve .  However wi th  the recharge 
al ternat i ve the water no t recovered di rect ly by Tucson 
wa te r  wi l l  reduce the overdra f t  in the Tucson Bas i n .  Thi s 
wi l l  a l so benef i t  the Tucson Water  Depa r tment . Many of t he 
l a rges t  pr i va te pumper s a l r eady have agreed to take 
de l i very and pay for the i r CAP water t hr ough Tucson 
Wa ter . I t  i s  expected tha t the use by the Ci ty  of Tucson of 
the r echa r ge al terna t i ve wi l l  not af fect these ba s i c  
agreement s .  

( 14 )  Wi t h  the Wes t  S i de Plan and Trea tment Plants  there 
wi l l  be no oppor tun i ty for the Tucson Bas i n  to take 
advantage o f  ava i lable surpl us waters  from t he Cb l orado 
Ri ve r . At t he present t ime al l such wate r s  wi l l  go to 
agr i cu l tura l users . They are cont ract i ng fo r a per cent age 
of al l � water rema i n i ng af t e r  the Urban and I ndi an 
a l lotment s are me t . The oppor t un i ty to br i ng bo t h  
al loca ted and sur p l us � wa t e r  t o  P ima county wi l l  be 
grea t l y  reduced i f  the Ci ty  cont i nues  to pur chase and 
ret i re Avra Va l l ey farml ands . I n  the case of a we t year 
such as we have had the pas t  three years  agr i cu l tural  
cont ractors  may no t be abl e  to use the 1 , 000 , 000 
acre-feet /year of surp l us water that wi l l  be ava i labl e to 
the � . Tucson could ut i l i ze these surpl us wa t e r s  i f  t he 
recharge a l terna t i ve was const ructed . Wi th  rechar ge sur p l us 
wa ter can a l so be ut i l i zed f r om  the Sal t and Gi la Ri ver s .  
These r i ve r s  have had ove r 6 , 000 , 000 acre-feet of surpl us 
wa ter s i nce 1978 . 
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( 1 5 )  The recrea t i ona l bene f i t  of us i ng l i ve s t reams to 
recharge the Tucson Bas i n  should  be sUbs tan t i a l  but as yet 
has no t been de termi ned . I n  a deser t area j us t  we s t  of Pa lm 
Spr i ngs , ca l i forn i a  where a l i ve s t r eam i s  used to recharge 
the aqu i fer  wi th  sur p l us Cbl orado Ri ve r Wa ter there i s  
cons i derab l e  recreat i ona l ac t i v i ty sur round i ng the runn i ng 
water . I n  Tucson i t  wou l d  be no d i fferent . 

( 1 6 ) Based on da ta presented by the USER to j us t i fy the 
Plan 6 Reservo i r s  i n  the Phoen i x  area a powe r sav i ngs of 
1 6 5/acre-foot cou l d  be ach i eved in the Tucson area for 
every acre -foo t that could be del i vered in the wi n ter  vs . 
summer de l i very . Wi th recharge al l of Tucsons average 
89 , 507 acre - foot de l i very cou l d  be de l i ve red i n  the wi n te r . 

The $ 1 6 5/acre-foo t power management sav i ngs would onl y 
apply to the water now schedu led to be de l i vered i n  the 
summer mon th s . The scheduled May-Sept embe r de l i very i s  
approx imate l y  2 / 3  of the average de l i very or 59 , 7 7 1  
acre-feet . De l i ve r i ng th i s  wa t e r  i n  the wi nter  wou l d  gi ve a 
power management savi ngs of 9 . 8 m i l l i on do l la r s  for the 
rechar ge a l te rna t i ves . 

( 17 )  These co s t s  excl ude some second and th i rd phase 
annual equ i va l en t  of  cap i tal  co s t s  for the t reatmen t plant 
and d i s t r i but ion  sy s tem .  These co s t s  wou l d  be added to the 
no-recharge a l terna t i ve .  Benef i ts of  recrea t i on and va l ue 
of sur p l us wa te r  added to the aqui fer woul d  be subt racted 
f r om  the annua l cos t s  of the rechar ge a l terna t i ves . Th i s  
would subs tant i a l ly i ncrease the d i f f erence be tween the 
rechar ge and no- recharge al terna t i ves . 
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Response to Comments 
C .  Brent C l uff ,  Uni vers i ty of Ari zona 

12-1  The thrust  of the recharge proposa l is  that th i s  process  wou l d  
negate the need for trad i ti onal  treatment p l ants . Many of the 
benefi ts are predi cated upon th i s  strategy .  The dec i s i on as to 
how CAP water i s  treated for Tucson ' s  mun i c i pa l  purposes i s  the 
respons i b i l i ty of the Mayor and Counc i l of the c i ty of Tucson . 
To the best of ou r knowl edge , the c i ty has not adopted th i s  method 
of treatment . Un l es s  the c i ty of Tucson accepts and adopts 
recharge as a substi tute for tradi t i onal  treatment , none of the 
potent i a l  benefi ts rel ated to water treatment wi l l  be rea l i zed . 
A 1 though the recha rge proposal  has been i nc 1 uded i n  some of the 
pl ans , the fact rema i ns that i ts i mp l ementati on i s  a l ocal 
deci s i on and that i t  i s  not a part of the CAP . 

12 -2 The analys i s  of the recharge a l ternati ve used a val ue  of $200 per 
acre-foot for fl ood water and not $ 150 , as stated i n  comment ( 1 ) a .  
I t  was assumed that approx imately 70 percent o f  the water wou l d  
be recoverab l e .  Add i t i ona l ly , the $300 per acre-foot pa i d  by La 
Pa l oma for treated effl uent cons i sts most ly of the annua l i zed 
cap i ta l  cost of constructi ng the system to del i ver the water from 
the treatment p l ants to the devel opment .  The actua l  cost to 
treat th i s  water makes up on ly a sma l l port i on of the total 
del i very cost .  Our analys i s  a l so i nd i cates that a 10 ,000 
acre-feet storage s i te i s  presently not requ i  red as part of the 
CAP del i very system . S i nce there i s  no demonstrated need for 
emergency storage , these benef its were not i nc l uded i n  the 
anal ys i s .  P l ans for fl oodwater recharge were analyzed on an 
i ncremental benefi t/cost bas i s  where such opportun i ties  for th i s  
concept were apparent .  F l oodwater recharge i s  not a n  essent i a l  
component o f  the Tucson Aqueduct . Therefore , i t  was not i nc l uded 
i n  p l ans where i t  offered no obvi ous advantage , such as the Wes t 
S i de P l an . 

1 2-3 In i ti a l ly  the cap i ta l  and operati ng costs that were used i n  the 
ana lys i s , were obta i ned from the staff of Tucson Water .  These 
costs were con s i dered va l i d and have been updated to 1985 pri ce 
l evel s .  

12-4 I n  the ana lys i s  of the West S i de P l an , i t  was assumed that as 
much water as pos s i b l e  was pumped dur i ng off peak  t imes . By 
assumi ng an operat iona l p l an , the cost of power decreases , s i nce 
the amount of power used duri ng peak t imes of the day wou l d  be 
reduced . However ,  the same operati ona l p l an was not used for the 
recharge a l ternati ves . I t  was assumed that , once the water l eft 
the rna i n  CAP aqueduct , i t  became pa rt of the c i ty of Tucson ' s  
d i stri buti on system and , therefore , was not authori zed to use CAP 
power .  U s i n g  th i s  assumpt i on , the c i ty of Tucson wou l d  need to 
acqu i re power at the l ocal  market rates . It  d i d  not appear that 
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th i s was a rea l i s t i c  assumpt i on ,  i nasmuch as there i s  i n suffi c i ent 
generati ng capac i ty ava i l a bl e i n  the Tucson area . Therefore , 66 . 8  
mi l l s  per k i l owatt-hour ( kWh ) was u sed for the l oca l power cost .  

Recharge of surp l us  CAP water was not cons i dered , s i nce there i s  
n o  foreseeabl e s urp l us water.  Accord i ng to the Secretary of 
Inter ior ' s  CAP a l l ocati ons , any water not a l l ocated to mun i ci pa l  
and i ndu str ia l  ( M&I ) or  to  I nd i ans , i s  a l l ocated for non - I nd i an 
agri cu l tura l  u ses . Even i f  the a l l ocati ons res u l t i n  s urp l us  
water ,  it  i s  d i ff icu l t  to assess a val ue on  s urp l us water ,  s i nce 
i t  i s  not known i f  or when i t  wou l d  be ava i l ab l e or whether the 
c i ty of Tucson wou l d  be wi l l i ng to purchase th i s water for the 
benefi t of others . 

As d i scussed i n  response 12-4 , we d i d  not i nc l ude any power 
management benefi ts , s i nce we d i d  not thi n k  that the c i ty of 
Tucson cou l d  obta i n  the power requ i red to pump a l l the water 
during off peak  t imes . Al s o ,  i n  D r .  C l uff ' s  analys i s ,  power 
management benef i ts were counted twi ce .  The power cost of 43 
mi l l s/ kWh , wh i ch he states i s  determi ned by pumpi ng as much water 
as  poss i b l e  duri ng off peak t imes , i s  power management . 

To determi ne recreati onal  benefi ts , there are many questi ons 
wh i ch wou l d  need to be an swered . The major quest ion i s ,  "wou l d  
the Bureau be requ i red to purchase the l and u sed for recharg i ng 
the water? " ( Our  estimates do not i nc l ude th i s  cost . ) Current 
Bu reau pol i cy i s  that such l and purchased by the Bureau wou l d  be 
fenced , not a l l owi ng any recreati on to ta ke p l ace . Shou l d  the 
Bu reau a l l ow recreati on , then an ent i ty must be found to manage 
the fac i l i t i es . Our current thi n k i ng i s  that an ent i ty wou l d not 
be wi l l i ng to manage the ent i re area requ i red for recharge . 
F i na l l y ,  because of the sha l l ow depth of the water and re l at i vely 
short storage peri od , fi sh i ng cou l d  not take pl ace , and the 
majori ty of recreati ona l benefits  are deri ved from f i sh i ng .  

Our analys i s  assumed that th i s water wou l d  be reta i ned i n  the 
vadose zone , or  l ost through evaporati on and transp i rati on , and 
wou l d  not be ava i l ab l e  for recovery by wel l s .  

I t  i s  true that the West S i de P l an does not a l l ow for a combi ned 
mi xtu re of CAP and effl uent waters to Avra Val l ey .  However ,  th i s  
E IS  concerns CAP water and not effl uent .  Ou r p l anni ng focused on 
del i veri ng CAP water to Avra Val l ey .  Currently , the Avra Va l l ey 
Irri gati on D i stri ct does not have a contract for effl uent . Al so , 
i t  i s  unsure that they wi l l  ever use effl uent . S i nce the Schuk  
Toak a l l ocati on can be u sed for M&I purposes , a combi ned system 
cou l d  not be constructed . 

The Act i tsel f does not spec i fy the termi nus  and capaci ty of the 
Tucson aqueducts , nor does i t  i ncorporate by reference any 
reports wh i ch do so . The J u ly  2 1 , 1980 , So l i c i tor ' s  Opi n i on 
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concl uded , " that Congress meant to accord the Secretary 
substant i a l  d i scret ion to mod ify the project features to f i t  
changi ng needs s o  l ong as the bas i c  fac i l i t i es Congress 
descri bed were bu i 1 t to carry out the project purposes . 85 
1 . 0 .  at 337 , 339 . " 

Before a dec i s i on was made by the Bureau to i ncl ude c l ear water 
de 1 i very for Tucson , the ci ty of Tucson and the Bureau confi rmed 
that the Centra l  Ari zona Water Conservati on D i stri ct ( CAWCD ) 
wou l d  be wi l l i ng to pay the associ ated cost for a pump i ng pl ant 
and the p i pe l i ne to the cl ear  water reservo i r . Th i s  dec i s i on was 
al so the consensus of the other water users that can be served by 
the Tucson Aqueduct .  

The  Bureau i s  i nvol ved i n  two d ifferent programs wh i ch wi l l  add 
to the art i f i c i a l  recharge " state-of-the-art" as i t  mi ght be 
appl i ed to P ima County .  

We have i n i ti ated a research project th i s  year enti t l ed 
"Remote Sens i ng App l i cat i ons of Ground-water Expl oration " , 
to be managed jO i ntly by the Bureau I s Eng i neer and Research 
Center i n  Denve r ,  Col orado , and the Ari zona Projects Offi ce 
of the Lower Col orado Reg i on .  Th i s  three-year study wi l l  
expl ore the feas i bi l i ty of i dent i fying potenti a l  s i tes for 
ground water recharge u s i ng remote sen s i ng techni ques . 

We wi l l  be i nvol ved i n  the impl ementation of the Hi gh  P l a i n s 
States Ground Water Demonstrat i on Projects Act of 1983 . 
Areas i n  both P ima and Mari copa Counti es i n  Ari zona wi l l  be 
cons i dered as potenti a l  demonstrati on project s i tes as 
authori zed by that Act . 

H -60 



1 3 .�. � FU ftII1t 
u.s. Bureau of ReclaIR.tIon 
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U .  S .  Bureau of  Rec l amati on 
Box 427 
Boul der  C i ty ,  Nevada 89005 January 29 

Ref : Envi ronmental Impact Statement ( Draft)  # INT DES 84-68 

Dear S i r :  

, 

AcIIMI 
1�T'" 

DIIa 

� I  

.... 

C. O 
.... 

.... fo � 
/� Isa 

We , the unders i gned , have revi ewed the draft Envi ronmental I mpact Statement con- CP1A-PO '7_'\l� g� cern i ng Phase  B of the Central Ari zona Proj ect , Tucson Aqueduct .  Al though there \ 
were several comments i n  the L I . S .  regardi ng  the con structi on of pump i ng 

stati on s and the i r  a s soci ated 1 15 Ki l ovol t power tran smi s s i on l i nes , we have one 

concern which  has  not been addre ssed by the Envi ronmental Impact Statement . 

It  i s  our con s i dered opi n i on that the con structi on and , parti cu l arly ,  the opera

� ti on  of the pump i ng  stati o n s  and assoc i ated h i g h  vol tage tran smi s s i on l i nes wi l l  

create a seri ous  envi ronmental i mpact i n  regard to the recepti on of te l evi si on , 

radi o ,  and other forms of rad i o  frequency s i gna l s .  There are n ow about 

two-thousand ( 2 , 000 ) home s l ocated i n  the Avra Val l ey area . Commerc i a l tel e-

vi s i on  and rad i o  recepti on , i n  most case s ,  i s  bare ly  adequate at thi s t i me s i nce 

Avra Va l l ey i s  i n  the " shadow" of the Tucson Mounta i n s  where Tucson stati ons are 

concerned and a great di stance separate s Avra Val l ey re s i dents from Phoen i x  

stat i on s .  These p robl ems have been a l l evi ated to some extent by res i dents who 

have i n stal l ed l arge and expen s i ve antenna  arrays and/or rece i ve preamp l i fi ers 

i n  order to i ncrease recei ved s i gnal s to a usabl e l evel . We bel i eve that i ntro-

ducti on of the 115  Ki l ovol t power tran smi s s i on l i ne s ,  as  we l l  a�  the pump i ng 

stati on s ,  wi l l  create enough e l ectri cal  i nterference i n  thi s envi ronment to i m-

pai r ,  i f  not prec l ude , the recepti on of  te l ev i s i on and radi o s i gnal s .  
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I n  addi ti on , there are severa l Amateur Radi o  operators , l i cen sed by the Federa l 

Commun i cati on s  Commi s s i o n , who re s i de i n  Av ra Va l l ey .  Duri ng  the di sastero u s  

fl oodi ng wh i ch occurred i n  October o f  1983 the se  amateur radi o operators p ro

v i ded one of  the few emergen cy commun i cati o n s  l i n ks out of the Avra Va l l ey area , 

resu l t i ng i n  commendati o n s  from the Mayor of  Tucson and the Ch ief  of the P i cture 

Rocks Fi re Di stri ct , among  others . V i rtua l ly  a l l of  these amateur rad i o  opera

tors chose to res i de i n  Avra Va l l ey beca use i t  i s  a l most total ly  free of the 

e l ectri cal i nterference associ ated wi th the c i ty envi ronment such as h i gh vol t

age power l i ne s , i ndustr ia l  eq u i pment ( motors , di atherm mach i nes , etc . ) ,  and 

other man-made source s of  i nterference to rad i o  recepti on . Recent mea surements  

of e l ectri cal I I no i seli i n  the Avra Val l ey area by amateur rad i o  operators show an 

extremel y  l ow background no i se l evel of  l e s s  than .3 mi crovo l ts on the 20 meter 

( approxi mately  14 . 3  Megahertz ) band . Some of the amateur radi o  operators men

ti oned now res i de i n  areas wh i ch wou l d  be l e ss  than one ( 1 )  mi l e  from a pump i ng 

stat ion  and the h i gh  vol tage transmi s s i on l i nes . We feel that e l ectri�al  i nter

ference from the pump i ng stat i o n s  and tra n smi s s i on l i nes wi l l  i mpa i r ,  i f  not 

precl ude , the recept i on of the very wea k  s i gnal s a s soci ated wi th the Amateur Ra

di o Serv i ce .  

Furthermore , the most s i g n i f i cant of our  concern s i s  i n  regard to the p o s s i b i l 

i ty o f  a detri mental i mpact o n  publ i c  serv i ce radi o transmi s s i on and recepti on . 

The P i cture Roc ks Fi re D i stri ct use s  l ow to medi um power rad io  equi pment to 

serve a very l arge geographi cal area . The i r  commun i cati ons  sy stem , parti cu l arly 

when one  or  more of the un i ts i s  a portabl e  un i t ,  i s  I Ij ust adequatell at thi s 

t ime . The same hol ds true for the P i ma County Sheri ff l s  Offi ce , the Marana  

Marsha l l I S  Offi ce , and P i ma County Emergency Medi ca l  Serv i ce i n sofar a s  the  Avra 

Val l ey area i s  concerned . Any i nterference to the se commun i cati ons  systems , such 
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as the el ectri cal i nterfere nce wh i ch may be cau sed by pump i ng stat i on s  and h i gh 

vol tage tran smi ssi on l i nes , cou l d  re sul t i n  the l oss of property or l i ves s i nce 

the res i dents of Avra Va l l ey depend on  these organ i zati ons  for fi re ,  pol i ce ,  and 

medi cal serv i ces . 

. I n  summary , we ask that an i n-depth study be compl eted to establ i sh the l evel s 

of el ectri cal i nterference whi ch wou l d be created by i ntroducti on of the Tucson 

Aqueduct Phase B pump i ng stati on s  and the i r  assoc i ated power tran smi ss i on l i ne s .  

Further ,  we ask  that the study descri be the po s s i bl e impact wh i ch i nterference 

woul d have on each of the rad i o  and tel evi s i on serv i ces menti oned above and that 

the study offer methods of mi t i gati ng any pos s i b l e  i nterference to these ser-

vi ces . 

cc : Senator Barry Go l dwater 
Senate Offi ce Bui l d i ng 
Wa shi ngton , D . C .  20510 

Repre sentati ve Morri s Udal l 
. U .  S .  Hou se of Repre sentati ves 

Washi ngton , D . C .  20515  

Fede ral Commun i cati ons  Commi s s i on 
Eng i neer i n  Charge , Di str i ct #11 
Su i te 501 
371 1  Long Beach Bl vd .  
Long Beach ,  Cal i forn i a  90807 

Avra Val l ey Repeater Associ ati on 
P . O .  Box 224 
Marana ,  Ari zona 85238 

Si ncere l y ,  

The Undersi gned Re s i dents 
of Avra Va 1 1  ey 

Senator Denn i s  Deconc i n i  
Senate Off i ce Bui l d i ng 
Wa shi ngton , D . C .  20510 

Fri ends of the De sert 
Route 9 - Box 620 
Tuc son , Ari zon a 85743 

Ameri can Rad i o  Rel ay League 
225 Ma i n  Street 
Newi ngton , Connecti cut 061 11  
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RE : POSS I B LE I N TE R FERENCE TO RAD IO/TELEV I S I O N  S I GNAL RECEPT ION 

DUE TO C . A . P .  TRA N SM I SS I O N  L I N ES/ PUMP I N G  STAT IONS 

NAME ADDRESS 

121 f- B<,-z< 3/8 ) ;0.:�y � ( If? 85"�?�3 ) 
Rr, 1 - Box "gog,) wesotJ) A Z .  8571-3 

Q.t-. 'i 80x f.:, � g  Tuc.soQ . Az £5 7 '1 3 ) ; N'c..44e�ks rD. U(,Z5 .J.s-��4K':d � k  
�"'f/3-

/2 3 f!J O  W. �� Q . U, /W.S()j A� fiS7FL 
eJ..af - � RtKdto. 1� J9.-yd. 

C'O....".UW\<. ... �'tO ...... \.1.1.5 N. -:' ... ,,�IO �� \"'< 3oC> �/ �1. ��,,,� 
O�"c:.i'Q '3>lS;,>uE i1Soc;,'6> }(F2t:-t?=e.'j'l. 
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Response to Comments 
Res i dents of Avra Val l ey 

13-1  The EIS  has been revi sed to address  e l ectr ica l  effects attri buted 
to transmi s s i on l i nes and pump i ng p l ants ( see Chapter I I I . J . 3 . ) .  
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SIERRA CLUB 

Grand Oanyon Ohapter · Arl 
4 February 1985 

9-RnA 
OFFICIAL AlE COPY 

U.S. Bureau of Reclamation ' Low", Colorat1o Renj:>n 
RECEIVED 

T O I Regional Environmental Officer 
Lower C olorado Region 

A 
.-..on 

FEB 1 1 1985 
Co u . s .  Bureau of Reclamation 

Box 427 
Boulder C ity . Nevada 89005 

ActIaII T-. 
DIet 

InItiM 
IIIIIIII To 

From I Gayle G .  Hartmann I�O 

Re i 

Rincon Group . S ierra Club 
2224 E .  4th Street 
Tucson . A z .  85719 

... 

.Jo -A:PO 1\\.; \e� Tucson Aqueduct Phase B � The following statement was presented at the 29 January 
1985 public meeting sponsored by the Bureau of Reclamation 
in Tucson . Arizona . It reflects the S ierra Club ' s  pos ition 
regarding the Tucson A que duct . 

The Sierra Club has never been and is not now an enthusiastic 
supporter of the C entral Arizona Pro j ec t .  We believe that 
bringing water to southeastern Arizona from the C olorado River 
is an expensive . short -term approach to our water problem. 
Inste ad of encouraging serious conservation measure s on the 
part of the C ity of Tucson . the mine s . and agriculture . CAP 
water offers a misleading mirage -- low quality water ( and 
probably a small amount of that ) which . at best . augments 
Tucson ' s  water for a few decade s .  

However . the matter under discussion here concerns the 
merits of a specific al ignment . not the merits of the CAP 1 as a whole . In that regard . the S ierra Club is pleased to 
be able to support all the environmental mitigation measures 
in the preferred West S ide Plan. 

We e�ecially .upport a wildl ife mitigation corridor of 
no les. than 2530 acres and urge that . through the corridor . 2 the aqueduct be 'underground .  Such a corridor i. the only 
me asure that will prevent wholesale disruption of the wildlife 
population in the are a .  More .pecifically we recommend the 
foll owing ;  

1.  A ll facil it ies a • •  oc iated with the aqueduct .uch as 
transmission l ines . e arthen dike s . pump ing plant • •  surge tanks . :I 
and access roads should be camouflage d to the extent pos s ible 
to reduce visual impact . In particular . the recommendation 
of the Arizona -Sonora De sert Museum concerning the pumping 
station at Brawley Wash should be followed . 
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2 .  Shielde d , low preS8ure . sodium vapor light. should be 
used to reduce light pollution and minimize the impact on 
astronomical facilitie s .  

3 .  All environmental mitigation activities should follow 
recommendations of the appropriate wildlife agencies as l isted 
on pages 41-42 of the Draft ElS . 

A lthough we support these mit igat ion efforts of the 
Bureau , we cannot support the West S ide Plan as a whole . 
A s  noted on page 10 of the summary to the Draft ElS . "The 
greate st overall biological impacts would occur with the 
West S ide Plan • • •  " The 0 real wa to minimiz biolo ical 
impacts is to use underground p pe e Therefore , we strongly 
urge the Bureau of Reclamation to consider long-term 
environmental effects rather than short-term costs and 
adopt the "We st S ide Modification - Low Pressure P ipeline 
Plan" ( basically , a pipe l ine along S anders . and S an Joaquin 
Roads . ) It is the only plan that makes any long-term sense ! 
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Response to Comments 
S ierra C l ub  

14-1 Your support of a l l the env i ronmenta l mi t i gat ion 
measures/ recommendati ons i n  the West  S i de P l an has been noted . 

14-2 The purpose of the corridor acqu i s i ti on i s  to i nsure the 
l ong-term usefu l ness of the wi l d l i fe bri dges over the aqueduct i n  
th i s  h i gh -use area by preventi ng hous i ng devel opment i n  th i s  
v i c i n i ty .  The extens i on of the pi pe l i ne th rough the wi l d l i fe 
corri dor i s  pos s i bl e  but the cost enters i nto the p i cture i n  
constructi on and pump i n g .  I f  Recl amati on i nves ted the add i t ional  
money needed to bury th i s  secti on of the aqueduct , we bel i eve we 
wou l d  not have adequate j u st if icat ion to purchase the corri dor .  
( see Management opti ons attached to Letter of  Comment No . 23 ) .  

14-3 Duri ng fi nal  des i gn of the aqueduct features , measures wi l l  be 
i nc l uded to reduce the v i sua l  i mpact of the aqueduct , d i kes , 
pump i ng p l ants , and access roads . A l andscape arch i tect wi l l  
speci fy l andscapi ng measures to be i nc l uded at each of the 
pumpi ng p l ants , and rev i ew constructi on spec i f i cat ions for other 
aqueduct features to i nsure adequate cons i derati on of v i sua l  
i mpacts . Spec if i ca l l y ,  the  fol l owi ng  measures wi l l  be  
i n corporated i nto the  proposed acti on to  reduce v i sua l  impacts : 

removal and stockp i l i ng of s uffi c i ent numbers of 
saguaros and other cact i  from the construct ion zone to 
be transpl anted at pump i ng p l ants or a l ong the aqueduct 
at spec if i c  areas as l andscap i ng ;  

i nc l us i on of l andscap i ng measures at each pump i ng pl ant 
and , i f  appropri ate , aqueduct reaches to reduce v i sual  
i mpact;  

d i kes and cut s l opes wi l l  be benched , terraced or furrowed 
to reduce eros i on and a i d  i n  revegetat ion ; 

seed i ng of nati ve and/or xeri c adapted perenn i a l  p l ants 
and grasses on construct i on d i sturbed areas . The 
revegetation program may i nc lude the use of l and 
s urface i mpri nter or other techn i ques to encourage 
revegetative success . Revegetat ion efforts wi l l  be 
coord i nated wi th i nterested l ocal  agenc i es and i nput 
wi l l  be sought i n  devel opi ng a fi nal revegetati on p l an .  

the use  of cobbl e or gravel cover or pl acement of 
l andscape stone on cut  s l opes or d i ke s i de s l opes wi l l  
be cons i dered as a means to reduce eros i on , and enhance 
revegetati ve success , thus reduc i ng v i sual  i mpacts . 

pa i nt metal cana l structures , such as pi pe overchutes , 
a col or chosen to reduce v i s i b i l i ty ;  

concrete canal  structures such as bri dges , and fl ume 
overchutes s ha l l rece i ve a s urface treatment to reduce 
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v i sua l  contrast to the adj o i n i ng desert ; 

cha i n  l i n k  secu ri ty fenci ng options such as of the 
PVC-coated type to reduce refl ecti ve gl are w i th fence 
posts and fabri c of a col or chosen to reduce 
v i s i b i l i ty ;  o r ,  i f  such materi a l  i s  determi ned 
uns u i tabl e  for desert c l i mates , the gal van i zed fence 
wi th a du l l -coat sol ut i on to reduce g l a re wi l l  be 
cons i dered ; 

pr ior to the cana l excavat ion and construct i on ,  
ri ght-of-way fences wi l l  be erected , and vegetation 
c l eari ng l imi ts wi l l  be del i neated in  the construction 
spec i fi cat ions . Construct i on act i v i t ies wou l d  be 
confi ned to these del i neated areas wi th i n  the r-o-w to 
reduce vegetati on c l earing  and v i sua l  i mpact ; 

constructi on spec i f i cati ons wi l l  s pec i fy des i gnated use 
areas for contractor constructi on yards and other 
needed construct ion areas . These u se areas wou l d  be 
se l ected based in part on thei r v i s i b i l i ty from 
sens i t i ve areas , and other envi ronmental 
cons i  derati ons . Other construct i on u se areas wou l d 
requ i re s pec i f i c  approval of the contract i ng  offi cer.  

The des i gn for s urge protecti on at the Brawl ey ,  San Xavi er , 
Snyder H i l l , and B l ack  Mounta i n  pumpi ng p l ants has been rev i sed 
to el imi nate the tal l surge tanks . Surge protecti on wi l l  be 
provi ded w i th an a i r-chamber type tank , wh i ch wi l l  be bel ow the 
l evel of natural  ground . 

14-4 Outs i de n i ght  l i gh t i ng for the canal  i s  not p l anned ; l i ghts wi l l  
only be u sed at  the pump i ng p lants for securi ty purposes . 
Spec i fi cati ons cal l for h i gh pressure sod i um vapor l i ghts . These 
l i ghts are a l so to be a imed bel ow the hori zon and not to i nc l ude 
pri vate res i dences i n  the beam . 

14-5 See response 14- 1 . 

14-6 Your oppos i t i on to the West S i de P l an and support of the West 
S i de Mod i f i cati on - Low Pressure P i pel i ne P l an has been noted and 
i s  ava i l ab l e  for cons i derat ion by dec i s i onmakers . 
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fill 
Memorandum 

To : Reg i onal Di rector , Bureau of Recl ama ti o n ,  Bou l der C i ty,  Nevada 
j\ttenti on:  Reg i onal Env i ronmental  Offi cer 

From: �v�\�eg i Ona1 Di rector , Western Reg i on 

Su bject:  Revi ew of Draft Env i ronmenta l  Statement - - Tucson Aqueduct - Phase B ,  
Central Ari zona Proj ect 

I n  response to the Di rector , Offi ce of Envi ronmental Affa i rs , Bureau of Recl ama
ti on , memorandum of December 1 7 ,  1 984 , both our staff and that of Saguaro Nati onal 
Monument have rev i ewed the s u bject document and have the fol l owi ng comments . 

Impacts on Saguaro National Monument 

Pas t sta tements to you r  agency by the Nati onal Park Serv i ce ,  concerni ng the 
prepa rati on of the E I S  for P hase B ,  have emphasi zed the unsu i tabi l i ty of both 
the Sandar i o  and Sandari o-San Joaqu i n  Pl ans { refer to our memorandums of 1 /24/84 1 ( L761 9 ( WR- RP ) and 3/30/84 ( 7 61 9 WR-RPE ) , and the fact that 36 CFR,  Chapter I ,  
part 1 4 ,  secti on 1 4 . 1 0  pro h i b i ts such projects i n  Na tiona l  Parks and Monuments 
wi thout the spec i fi c  approval of Congres s ) . Therefore , the Nati ona l  Park Serv i ce 
i s  very concerned a bout a l ternative pl ans and has empha s i zed the need for a viabl e  
u nderground pi pel i ne al ternati ve . I t  appears from the materi al  pres ented i n  th i s  
draft E I S  that no consi deration i s  to be g iven to such al terna ti ves . In  Secti on 
E .  Other Pl ans Cons i dered but E l imi nated the impressi on i s  l eft that nei ther the 
!a nders Road ( Pipel i ne) nor West Side-low Pressure Pipel i ne are to be consi dered . 
We strongly obj ect to the el imi nati on of these al ternati ves and recommend tha t 
they be ana lyzed i n  the statement and presented for pu bl i c  rev i ew and comment . 
We must  poi nt out however , that the Sanders Road a l terna t i ve di scus sed i n  
conference ses s i ons wi th your offi ce over the past  year i nvol ves the potential for 
ta ki ng a 1 00 foot str i p  of Monument land for construction of the pi pel i ne .  Thi s 
pos s i bl e  exchange or taki ng of Monument l and i s  a dec i s ion that rests excl�s ively 
wi th the Secretary of the I nter i or . 

The potential  v i sual impacts that wou.1 d be impo sed on v i s i tors to the Monument by 
the construction of the surge ta nks are i nadequatel y di scus sed or documented . The � potent ia l  for v i sual i ntru s i ons on the Tucson Mounta i n  U n i t  do not end a t· the 
bounda ry l i ne but rather encompa ss the v i ews to the west of th i s  boundary . These 
v i ews al so are con sidered valuabl e to v i s i tor enjoyment of the area and , as such , 
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mus t  be cons i dered as important park resources . The draft statement provi des 
only cursory cons i deration of sceni c qua l i ty and vi sua l  resource management i n  
rel ation to the effects of the aqueduct on these q ua l i ti es when vi ewed from the 
Mon ument . Thi s v i s ual  i ntrus i on was first  vo i ced as a concern of the Nationa l  
Park Serv ice some time ago ( refer to our memorandum , 5/25/83 , L761 7 WR-RPE ) .  
The fai l ure to adequately address th i s  concern i n  the draft statement, espec i a l ly  
wi th regard to  the speci fi c des i gn e l ements and vi s ua l  impacts of  the surge 
tanks to the "fi nal des i gn phase , "  i ndi cates a l ac k  of understandi ng of both 
our purpose and management pol i ci es for the Monument and shoul d be exami ned i n  
detai l .  I t  i s  our understandi ng  that there are a l ternati ves to surge tanks for 
surge s uppress ion ,  that these a l ternati ves are l ess vi s ua l l y  i ntrus i ve ,  and 
that s uch  a l ternati ves wou l d serve to meet Serv i ce objections to s urge tanks . 
We strongl y  urge that such a l ternati ves , ful ly  i l l u strated and di scussed , be 
added to the envi ronmental analys i s .  

The envi ronmental statement fai l s  to ful ly  recogni ze the impacts to Thornber ' s  
fi shhook cactus and the potent ia l  for impacts to Tumamoc gl obe-berry imposed by 
the a l ternati ve Sandario and Sandario-San Joaqui n  P l ans . In  a s urvey conducted 
by Monument personnel ( rel ated to another potentia l  i mpact ) , i t  was found that 
there were over 500 specimens of thi s  cactus a l ong the . 22 mi l e  section of 
Sandari o Road,  and i t  i s  evident that these p l ants woul d  be impacted by any 
construction acti v i t i es uti l i zi ng the Sandario Road al i gnment . Th i s  fi ndi ng i s  
i n  compl ete di sagreement wi th the s tatement i n  the draft statement ( S ummary
page 1 0 ) that " . • .  Thornber ' s  fi sh hook cactus . . • wou l d  be l east impacted by 
the Sandari o-San Joaqui n  P 1 an . " Th i s  i n  turn bri ngs up a question as to what 
measures have been taken by the Bureau of Recl amation to i nsure that there are 
no specimens of Tumamoc gl obe-berry al ong thi s a l i gnment that woul d  be impacted 
by e i ther of the proposed a l ternat ives . 

In  the section enti tl ed Affected Envi ronment and Envi ronmental Consequences , we 
are concerned about comments made on pages 36 and 37 i n  reference to i mpacts on 
Tumamoc gl obe-berry .  In l i ght  of fiel d work  done thi s  past  year,  we q uestion 
whether the number 38 truly  represents the popul ati on of known p lants and whether 
only 6 pl ants of thi s  spec i es woul d  be i mpacted . .  Al so , we wi l l  requi re evi dence 
that no specimens of thi s  spec i es wou l d be i mpacted , i n s ide of Saguaro Nati onal 
Monument , al ong the al ternative a l i gnments down Sandari o Road . 

I n  the above-menti oned section , on page 40 where reference i s  made to wi l dl i fe 
wateri ng s i tes , the National Park Servi ce has an i nterest i n  s uch  structures 
because of poss ib l e s i te l ocations i ns i de of the boundari es of Saguaro Nati onal 
Monument . We request that the Serv i ce be i nc l uded as a negot iati ng party when 
cons i deration for the sel ecti on of s uch  s i tes i s  exami ned and recommend that 
the proper mi ti gation for Monument wi l dl i fe must i ncl ude s i tes wi thi n the Monument . 
Al so , we recommend that fi nanci a l  support to mai nta i n  these si tes be provi ded by 
the Bureau of Recl amation to the National Park Serv i ce over the l i fe of the 
project . 

On page 1 06 of the s tatement , subsections L .  1 .  a . , paragraph 2 ,  l i ne 3 ,  al l of 
the paragraph fol l owi ng " . . .  Nati onal Park Serv ice fee l s that . . . 11 shou l d be 
rewri tten to read as : II , • • the construction  of ei ther the Sandari o or Sandari o
San Joaqu in  P l ans confl i cts with  l eg i s l ated management pol i ci es for areas of the 
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Nationa l  Park Servi ce i n  rel at ion to the protection and perpetuati on of the i r  
c haracter and compos i ti on .  Further , 36 CFR , Chapter I ,  part 1 4 ,  secti on 1 4 . 1 0  
prohi b i ts such projects wi thout the spec i fi c approval of Congress . "  

Impacts on Cu l tural Resources 

3 

Whi l e  the Bureau · s  procedural approach to cu l tura l resources compl i ance i s  
exce l l ent,  we cannot make substanti ve comments on the archeo l og i ca l  data becau se " 
the data are not yet ava i l abl e .  The archeo l og i ca l  documentati on shou l d  be 
i nc l uded i n  the fi na l  E IS  for the project . 

We bel i eve i t  i s  premature to establ i sh a max imum dol l ar amount of one m i l l i on 
dol l ars ( page 3 )  for cu l tural resources i nvest igations and mi tigation before the 8 spec i f i c  archeol og i ca l  probl ems have been i dent ifi ed .  Recl amation may u se u p  to 
one percent ( 1 % ) , or an estimated three and one-ha l f  mi l l ion  dol l ars of the total 
project costs for m i ti gati ng adverse effects to s i gn ifi cant Nati onal Reg i ster 
el i g i bl e  resources . 

We request the opportun i ty to comment on the fi na l  E I S ,  as wel l as the supp1 emen- 9 tary archeol og i cal  documentation , as soon as these reports become avai l abl e .  

We apprec i ate the opportun i ty to rev i ew and comment on th i s  statement . For 
addi ti ona l i nformati on on the comments regard i ng impacts on Saguaro Nat ional 
Monument , pl ease contact ei ther Dr . Robert Hal l of Saguaro National Monument 
{ tel ephone : 602-296-8576} or J im  Hudd 1 estun of th i s  office { tel ephone : FTS 556-
831 3 } . For cu l tural resources impacts , p l ease contact Garl and Gordon of thi s  
off i ce { tel ephone :  FTS 556-7972 } .  

cc : 
Superi ntendent ,  SAGU 
General Superi ntendent , SOAR 
lAS 
WASO (762 ) 

lJJ -
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Responses to Comments 
Nati ona l Park Serv i ce 

15-1 The Sanders Road ( P i pel i ne )  a l ternat i ve i s  essenti a l ly the 
Sanders -San Mod if i cat ion P l an wh i ch has been added to the fi nal E I S  
( see response to comment 9-1 ) .  We recogn i ze that tak i ng a 100 foot 
stri p of the monument for constructi on of the p i pe l i ne wou l d  requ i re 
a dec i s i on by the Secretary of the I nteri or .  The West S i de 
Mod i f icat ion Low Pressure P i pel i ne was e l i mi nated from con s i derati on 
as a v i abl e a l ternat i ve for the reasons g i ven i n  the E I S , but 
primari l y  cost ( see Chapter I I .  E . ) .  See response to Comment 9-1 .  

15-2 The text has been revi sed to more adequately address you r  
concerns . As you may be aware we have met w i th Saguaro Nat i onal  
Monument personnel  on severa l occas i ons to further di  scu s s , and 
more accurate ly  descri be and d i spl ay the vi sual  impact of project 
features from areas wi th i n  the monument bounda ri es . A l though  the 
canal wou l d not be v i s i b l e ,  for the most part , from the more 
h i gh ly travel ed roads wi th i n  the monument ,  i t  wou l d  be v i s i b l e  to 
h i kers and v i s i tors to h i gher e l evati ons w i th i n  the monument .  
The v i ew to the west across the val l ey wou l d  b e  degraded , t o  some 
extent ,  by the v i s i b i l i ty of the canal and associ ated structures 
from these vantage poi nts . Th i s  i s  an i mpact of the West S i de 
P l an , and i t  has been more ful ly  descri bed i n  the f i nal  E I S .  
Based i n  part o n  our di scuss i ons wi th SNM staff , and i n  response 
to thei r concerns , we have eval uated other methods for provi d i  ng 
su rge protect i on at the Brawl ey Pump i ng P l ant . We have conc l uded 
that an a i r-chamber type s u rge tank  can be constructed at th i  s 
s i te and wi l l  be l ocated wi th the pump i ng p l ant bel ow the natu ra l 
g round s u rface . We bel i eve that the add i t ional  cost of th i s  
a i r-chamber des i gn ( an est imated $200 ,000)  i s  warranted to reduce 
v i sual  impacts to SNM and other v i sual ly sens i t i ve l ocati ons i n  
the Tucson Mounta i ns . 

15-3 Ra re pl ant surveys were conducted on the enti re West  S i de route 
and add i t i onal  surveys were conducted near or on port i ons of the 
other routes . It was the i nvest i gator ' s  concl us i on that a l l 
p l ans except the West S i de wou l d  avo i d  the ma i n  popu l at i on of 
Tumamoc G l obe-berry i n  the area . S i nce the Sandari o ,  
Sandari o-San Joaqu i n  and Sanders-San Joaqu i n  Pl ans wi l l  have 
major porti ons of p i pe l i ne under exi st i ng roads and wi l l  d i sturb 
l ess  area than the West  S i de P l an , i t  i s  conc l uded that they wi l l  
have l ess  impacts to Mammi l l aria  thornberi than wou l d  the west  
s i de p l an . I n  add i t i on , the  h i ghest density of M .  thornberi was 
found i n  T13S , R I l E , Sec . 33 . The West S i de -Pl an wou l d  cut 
through th i s  popu l at i on wh i l e  the other p l ans wou l d  fol l ow 
Sandari o  Road i n  th i s  area . 

15-4 The number of Tumamoc Gl obe-berry to be i mpacted have been 
u pdated based on the recently compl eted su rveys and i s  now 8 1  
adu l t pl ants out of  a known popu l at i on of  356 adu l t p l ants . 
F i fteen p l ants ( 4  adu l t  and 1 1  j uveni l es )  were l ocated on the 
Saguaro Nati onal  Monument .  It is l i ke ly that some pl ants wou l d  
be impacted by a l l of the p l ans ( except No Federa l Acti on ) . 
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However ,  on ly the West S i de P l an i mpacts the ma i n  popu l at i on of th i s  
s pec i es i n  th i s  area . 

15-5 The Park Serv i ce w i l l  be i nc l uded i n  the f i nal l ocati on se lecti on 
of a l l catchments wi th i n  the Nat i onal  Monument .  Inc l uded wi th i n  
the fund i ng agreement to bu i l d  the catchments are mai ntenance 
costs to be prov i ded to the agency that wi l l  be respon s i bl e for 
them . 

1 5-6 The paragraph has been changed as noted . 

15-7  The fina l  EIS  i nc l udes the res u l ts of a C l ass  I I I  ( total i ntens i ve ) cul tural  resource survey for the proposed 
West  S i de P l an . 

15-8 We recogn i ze the ava i l ab i l i ty of about $3 . 5  mi l l i on for 
mi t i gat i ve data col l ection studi es ( 1  percent of tota l 
constructi on costs ) for the proposed West S i de Pl an ; however ,  we 
i nc l uded the rough estimates ( $ 1  mi l l i on for each a l ternat i ve ) as 
an i nd i cator of potenti a l costs . 

15-9 The fi nal  C l ass  I I I  cu l tura l  resou rce s urvey report for the 
proposed Phase B a l ternat i ve wi l l  be prov i ded to your offi ce by 
ou r normal di stri buti on . 
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O l d  T u c s o n , t h e  t o u r i s t Q t t r a c t i o n ,  Q n d  t h e  b e a u t �  o f  a s o - f a r  u n p o p u l a t e d  
s ': e n  i ': '.} o. l l e '::I . 

O f  g r e a t p e r s o n a l c o n c e r n  a r e  t h e  f o l l o w i n g :  

q e s t h e t i c  d e s t r u c t i o n o f  s u r r o u n d i n g s / s c e n e r � :  
- f=l d d i t i o n o f  h i g h - v o l t a g e  p o w e r  l i n e - a b o v e  
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t h e  J a n u a r � 1 7  C f=l P  m e e t i n g ,  w e  w e r e  l e a d  t o  b e l i e v e  t h a t  t h e  p o w e r  
l i n e w o u l d  b e  a d j a c e n t  t o  t h e  p i p e l i n e ,  e v e n  t h o u g h  t h e  m a p s  t o n o t 
s h o w  t h a t . ( S e e  a t t a c h e d a r t i c l e  r e g a r d i n g d a n g e r s  o f  l i v i n g n e a r 
h i g h - v o l t a g e  p o w e r  l i n e s . ) 
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- f=l d d i t i o n o f  t h e  p o w e r  l i n e .  
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T h e r e  w i l l  b e  n o  i m p r o v e m e n t s  i n  e x c h a n g e  f o r  t h e  i n t r u s i o n :  
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m o n e t a r � )  f o r  a n �  o f  t h e  a b o v e . 
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Page SA Tucson Citizen Friday, April 20, 1984 

� �UoS. plans research on the lIDk 
� between power lines and cancer 
:* .. , 
4. 'By lbe Associated PrHl 

WASHINGTON - The govern
ment plans to step up research on 
magnetic fields produced by power 
lines in the wake of studies sug
gesting that people exposed to such 
fields may be more likely to get 
leUkemia or other types of cancer 
and to commit suicide. 

Responding to increased scien
tific and public concern over this 
issue. the Department of Energy is 
seeking a 23 percent boost in fund
ing for a research program investi
gating the biological and health ef
fects of high-voltage transmission 
lines. 

At the same time. a report issued 
by the Lib rary of Con gress has 
concluded that the federal govern
ment currently lacks any official 
safety standards or enforcement 
agency to deal with power-line en
vironmental problems. 

"There is no single federal 
agency responsible for assuring 
public safety and comfort in the 
proximi ty of overhead transmission 
lines. and no federal standards 
exist setting quantitative limits 
from HVTL (high-voltage trans
mission line) field exposure," it 
said. 

The Congressional Research 
Service report added that although 
the Environmental P rotection 
Agency "has oversight responsibil
ity for power-line health and en
\iironmental regulation in the pub-

, ti<:  sector. it has not been funded to 
e:any out that mandate." 
. Scientific studies reporting an 

apparC'nt link between he31th prob
lems and exposure to electomZlgne
tic fields have included epidenuolo
giC<'l1 surveys of cancer inCidence 
among residents of O f'llv('r al ld 
three other Colo rad o  local i t i es ; 

leukemia among electrical workers 
in Washington State and Los An
geles County, Calif.. and birth de
fects in children of power substa
tion workers in Sweden. 

In addition. a controversial study 
analyzing more than 600 suicides 
among a sample population in En
gland concluded that "Significantly 
more suicides occurred at locations 
of high' magnetic-field strength" 
near high-voltage transmission 
lines. 
. This country's electric power 

. ghd involves more than a quarter
million miles of transmission lines, 
operating at voltages ranging from 
1 15 kilovolts to 765 kilovolts. One 
kilovolt is 1 .000 volts. 

Transmission lines rated at 500 
kilovolts or higher now stretch for 
more than 20,000 miles and are ex
pected to cover more than 40.000 
miles by 1990. the congressional re
port said. while lines operating at 
up to 1,200 kilovolts also are likely 
to be in service by the end of the 
decade. 

After being transmitted longer 
distances from generating plants 
over the high-voltage lines. electric
ity passes through a system of sec
ondary distribution links and step. 
down transformers that convert it 
to the standard l i S-volt alternating 
current used by in homes. 

Kenneth W. Klein, a Department 
of Energy official who oversees 
DO E's research on power-line bio
logical effects. said the department 
was asking Congress to increase 
SlJP!Xlrt for the program from $J 
mi llion this year up to $3.1 million 
in the 1985 fiscal year starting Oct. 
1 .  

In seeking t o  C'xp3nd the pro
grall l ,  K l ei n said , "one of the 
pnorities that we have is to look a t  
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not only the electric fieldS, but 
magnetic fields - something we 
have not done in the past." . 

The electricity surging through 
power lines creates both electric 
and magnetic fields radiating out 
from the transmission lines. 

Laboratory studies funded by the 
DO E program are being carried 
out la rgely a t  Battelle  Pacific 
Northwest Laboratory. Richland, 
Wash. ; the University of Roches

'ter, N.Y. ; and the Veterans Ad
ministration medical center in 
Loma Linda . Calif. 

Klein said the Energy Depart
ment program was intended to 
complement . other power-Ilne re
search efforts being undertaken by 
New York State as well as the pri
vate. utility-funded Electric Power 
Research Institute, Palo Alto.

' 

Calif. 
The Library of Congress report 

said that "Wider certain exposure 
conditions. researchers have ob
served a number of health hazards 
possibly associated with power 
transmission lines. These include 
obvious acute effects such as elec
tric shock. spark discharge and . 
electric-field effects on certain car- i 
diac pacemakers." 

. 

" However. some researchers 
have reponed an increased inci
dence of certain types of blood can
cers in some human populations 
exposed chronically to secondary 
feeder lines or exposed occupation
ally to various intensities of electro
magnetic fields." it said. 

The report added that as a rest.llt 
of recent laboratory studies, "there 
is accumulating a body of data that 
suggest subtle interacti{)!1s between 
very weak electromagnetic fidds 
and biological sy�tems" at  the cel
lular level. 



Responses to Comments 
Earl L .  and S .  Lorra i ne Perc i va l  

1 6 - 1  We have noted your  concerns and oppos i t i on to  t he  Sanders-San 
Joaqu i n  P l an . The dec i s i on ,  however ,  has been made to i nc l ude 
Sanders-San Joaqu i n  Mod i fi cat ion P l an as  an a l ternat i ve i n  the 
fi na l E I S  ( see response to Comment 9-1 ) .  
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Regional Environmental Officer 
Lower Colorado Region 
U . S .  Bureau of Reclamation 
Box 427 

Rt. 9 Box 815 
'llicson, Az .  85743 
February 11, 1985 

OFFICIAL FILE COPY 
U.S. Bureau of Rec!amatlon 

Low�r Cu:or(luo li�uiot1 
RECEIVED FEB 1 4 1985 A 
AdkIr. (Ie II/'ll. ; 

Boulder City , Nevada 89005 Aclion 1itkftn lnitIUS 

�e �:u:j.' T:) 

150 
� Sirs : 

I would like to make an official carrnent regarding yOUJ:" � OI 1:11e 

Environmental Impact Statenent - 'fucson Aqueduct - phase B .  Hy congratulations 

to your professionals who worked so haI'Ci to contribute to tlri.s draft .  
I personally do not enjoy the idea of any construction being started in 

"my front yard" but realize that there is little to be done to stop progress . 

But I would like to stress the importance of leaving the envirornent with as 

little �ct from human enCIUachnent as possib1e--that is why Environr.ental 

Impact Staterrents an! irnp1errented , is it not? But , unfortunately , the 

Almighty fullar has a huge role to play in this continuing saga. 

I suggest that youX"' people re-evaluate the rrr-oposed plans and REALLY 

consider the environment to be disrupted and find a IOOre feasible way to rrake 1 
IOOre of the open canal into a pipeline for the al ternati ve Sand.ar>io- San 

Joaquin plan . 

Also , please re-evaluate the animal populations and behaviors in regards 

to mitigation . The puma population was never nentioned in the EI8 and I do 2 
know that they inhabit this area .  

'Ihank you for al1ov.'ing a public input and please consider the proposed 

alternatives . Sincerely , sal '  1_- ' t' - rf �tJ!::Jl.A. ("�. ' � � , H-81 I J . C Schemb " I arue . 1 rl 



1 7- 1  

Responses to  Comments 
Jan ie  C .  Schembri 

The pi pel i ne versus  open canal  has been eva l uated on the 
aqueduct a l ong w i th the envi ronmenta l damages 
equ i va l ent .  The outcome i s  for the open canal  
envi ronmenta l mi t i gati ons as proposed . 

ent i re 
as do l l a r  

wi th the 

17-2 A sma l l ,  but  undetermined number of mounta i n  l i ons occur  i n  the 
Tucson Mounta i ns .  The proposed mi t i gation featu res ( br i dges , 
fenc i ng ,  water catchments , and l and acqu i s i t ion ) are adequate to 
mi n imi ze any i mpacts to thi s  wide-rang i ng spec ies  accord i ng to 
the Ari zona Game and F i sh Department . 
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18 
United States Department of the In 

BUREAU OF LAND MANAGEMENT 
ARIZONA STATE OFFI(,P 

3707 N. 7th Street 
Pboen�. �na 8S014 

IN REft. Y ItUU TO: 
. 

l P II�otHCtAl ��33 ) 
U.S. Bureau of Reclamation 

lower Coiora<1o AIHliofl 
RECelYED FEB 1 4 1985 A 
AdofI [�()ln1 L I 

February II . �.  - IftIIIM 
0. 1I11III Tit 

Memorandum L�D 
To : .1 g ion, Bl. Regional Environmental Officer, Lower Co lorado R 

Rec lamat ion, Boulder C ity , NV 
... 

reau o f  

From : S tate D irec tor , Arizona 

Sub j ec t : Review of Draft Environmental Impact S tatement for Tucson Aqueduc t 
Phase B 

As you reque s ted , we have reviewed the sub j e c t  document . 

General Comments 

We would apprec iate early no ti ficat ion o f  any act ions invo lv ing pub l ic l ands . 1 
A land ownership map would have been helpful in reviewing the draft document . 

W i l l  the final EIS inc orporate the results o f  the recent inventory for 
Tumamoca? 

Spec ific Comments 

3 

Page 2 8 .  Paragraph 2 .  The generic epithet for n ight-blooming cereus is � spe l led Peniocereu s .  

Page 3 7 .  Paragraph 3 .  Is the mitigation plan available? I f  the 
mitigat ion p lan invo lves pub l ic land , BLM should b e  contac ted early in 
the development s tages o f  the p lan. 

Page 3 7 .  Paragraph 4 .  Is land acquis it ion be ing cons idered t o  mit igate 
the impac ts to Tuamamoca? 

5 

6 
Page 3 8 .  last paragraph. Wildl i fe cro s s ing s should be at l east 1 6  feet jr wide. 

P age 40 . Paragraph 1. I f  any o f  the propo s ed wildl i fe watering s ites 8 occur on BLM land , BLM should be consul t ed early in the development 

proces s .  

Page 41 . We recommend that during cons truct ion l e s s  than one-hal f mile 9 of trench should be open at any one t ime . This measure wou1� help 

reduce wi ldl ife l o s s e s .  
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1«:» Page 42 . No . 1 1 .  Correc t the spe ll ing of Coryphantha. 

Thank you for the opportunity to review and comment on the draft 
environmental impact s tatement .  

�(!/ll� Ac ting 
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18-1 

18-2 

18-3 

18-4 

18-5 

18-6 

18-7 

18-8 

18-9 

18- 10  

Responses to  Comments 
Bureau of Land Management 

Our Lands Di v i s i on wi l l  noti fy you of acti ons that i nvol ve pub l i c  
l ands . Once the l ands have been s urveyed and fi na l l ocat i ons  
ava i l ab l e ,  we wi l l  coord i nate more c l osely wi th you . 

The l ands status map ( Fi gu re 5 3 )  prov i des l and owners h i p 
i nformati on . 

The resu l ts of the recent i nventory for Tumamoca gl obe-berry have 
been i ncorporated i nto the f ina l  E I S .  

The correcti on has been made i n  the fi nal  E I S  . . 

A genera l  m it i gat i on p l an ( i n two phases ) i s  described i n  Chapter 
I I I . A . 3 .  The number ,  l ocat i on and des i gn o f  features are subject 
to future refi nement and the BLM and other agenc ies  wi l l  be 
consu l ted throughout the p rocess .  No wi l d l i fe water catchments 
are currently proposed on BLM l and , but  any dec i s i on to do so 
wi l l  be c l ose ly coord i nated w i th BLM . 

Approxi mately 100 acres of Tumamoca habi tat now under pri vate 
ownersh i p  are be i ng cons i dered for acqu i s i t ion to offset any 
impacts from aqueduct construct i on . The need for such 
acqu i s i ti on wi l l  be determined under consu l tat i on w i th the U . S .  
Fi sh  and Wi l d l i fe Serv i ce after th i s  s peC i es i s  proposed and 
l i sted . 

The numbers , extent , and l ocat i on of cros s i ngs , catchments , 
fenci ng and barriers s hown i n  the tabl es a re based on 
recommendati ons made by the Ari zona Game and F i sh Department 
contractor .  These may be  mod i fi ed when the m i t i gation i s  
f ina l i zed i n  future d i scuss i ons w i th the AGFD , FWS , and Park 
Serv i ce .  

See response 18-5 . 

The open trench has s i de s l opes that shou l d  a l l ow most  w i l d l i fe 
to escape . Th i s  appl ies  to both p i pe and cana l duri ng 
construct i on .  The smooth f i n i sh on the compl eted cana l however ,  
wi l l  t rap wi l d l i fe .  I n  the p i pe operati on wi l d l i fe s hou l d  be 
ab l e  to escape at any phase of the work . 

The correcti on has been made i n  the fi nal  E I S .  
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19 OfFICIAL AlE COFY U.S. Bureau of Reclamation 
Low� Cofmafio Reg!uR 

AfCBVED 
February 11,  198 5 A FEB 1 4 1985 

Regional Environmental Officer 
Lower Colorado Reg ion 

ActIIII 
AcIIoII .. 

Date 

CQ/l)'!L 
1,,11111" 

InItleI To 

U . S .  Bureau of Reclamation 
Box 427 

J..S D 
Boulder City , Nevada 89005 

Dear S ir :  PIt 

This letter is written to express my concern with those 
items not completely dealt with in the EIS for the A�a 
Valley seciton of the CAP aqueduct through southern Arizona . 

I am a property owner in Avra Valley who is most concerned 
with the destruction of vegetation and animals . The mountain 1 lion was not even mentioned in the EIS . The aqueduct will 
d isturb their natural migratory paths to the other mountain 
ranges . They are too large to cross the aqueduct through the 
cross ings for the smaller animals . How will you deal with this ? 

Another area not covered - the flooding that occurs when 
the washes are full of water during storms . There is 
tremendous force behind the water and it carries with it 
lots of debr i .  When this natural flow is stopped by this � 
aqueduct , it will cause damage to nearby propert ies . What 
compensation will there be for property owners who lose 
property to this? Also , that will be done about the standing 
pools of water and the mosquito problem that will result , not 
to ment ion the drownings Of animals and children? 

Property owners have been required to put their utilities 
underground , yet you plan to put high power lines in . That � 
does not seem r ight . Also , what about all the problems these 
high power lines will cause for res idents? 

What about the lowering of property values that will be caused 
by the aqueduct ? I currently have acreage for sale . What 
compensation will I get when I have to sell that property for 
cons iderably less becaus e of the aqueduct that will destroy � 
the beauty of the valley? Those of us who moved out to the 
valley chose to live there becaus e of the beauty and peacefullness . 
The aqueduct will destroy them both . How sad that our beautiful 
valley will be destroyed and yet we will get NO BENEFITS from 
the aqueduct . 
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5 

6 

u . s .  Bureau of Reclamat ion 
Page 2 
February 11,  1985 

As a parent and Parent Teacher Organization Pres ident of 
Des ert Winds Elementary School , I am concerned with the 
poss ible injury and/or death of area children from the 
aqueduct . Our elementary school is within a mile of the 
aqueduct . It frightens me think of what may happen to 
our ch ildren . 

If this proj ect must come through Avra Valley , please 
look again at putt ing it underground . It may cost more 
init ially , but the destruct ion the aqueduct will caus e 
can never be replaced . 

Thank you for your time . 

Sincerely , 

� � gJd ith Capen 
Route 9 ,  Box 500 
48.00 North Old West Road 
Tucson , Arizona 8 5743 
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Responses to Comments 
Jud i th Capen 

19-1 See response to Comment 17-2 . 

19-2 Al l a l ternati ves of the Tucson Aqueduct , Phase B ,  have been 
des i gned to protect any port ions of canal aga i nst  cross  dra i nage 
fl ows . These des i gns ca l l  for protect ing the canal  wi th 
embankment d i kes and for pass i ng any water col l ected beh i nd the 
di kes across  the canal through various cross  dra i nage structures 
such as p i pes , box overchutes , and cu l verts . No structure a l ong 
the canal  has been des i gned to reta i n  water for any s i gn i fi cant 
peri od of t ime .  Large poo l s of water cau sed by extreme fl ood 
events wi l l  dra i n  from beh i nd the d i kes u sual ly  i n  l ess  than 24 
hou rs with  a max imum empty i ng t ime for any d i kes bei ng l ess  than 
36 hours . Al l pool s wi l l  stay w i th i n  the fenced ri ght-of-way , 
and con s i deri ng the i nfrequency of such events , these temporary 
pool s shou l d pose l i tt l e ri s k  to wi l d l i fe ,  domest i c  an i ma l s ,  and 
ch i l dren . Any res i dual  pool s of water wh i ch may rema i n  i n  l ow 
spots beh i nd the di kes or i n  the cross  drai nage structures wi l l  
be wel l  wi th i n  the fenced ri ght-of-way and wi l l  pose l i ttl e 
threat i n  terms of drown i ng .  Mosqu i to ( vector)  control has been 
addressed i n  the "Centra l  Ari zona Project Operati on and 
Ma i ntenance P l an "  whi ch i s  avai l ab l e  to the publ i c  upon request .  

19-3 The probl ems associ ated wi th an underground transmi s s i on l i ne are 
descri bed i n  Chapter I I . E . 3 .  of the f i na l  E I S .  The e l ectri cal 
effects attri buted to transmi s s i on l i nes are descri bed i n  Chapter 
I I I . J . 3 .  of the fi nal  E I S .  

19-4 Based on our experi ence wi th compl eted port i ons of the CAP 
aqueduct , we do not ant i c i pate any negati ve affect on property 
val ues i n  general . 

19-5 Fenc i ng wi l l  be provi ded a l ong the aqueduct to prevent the 
exposure to safety hazards  i n  areas that are adjacent to school s ,  
recreati onal areas , or  subject to frequent v i s i ts by ch i l dren . 
The fence wi l l  cons i st of a 6 -feet h i gh cha i n l i n k  fabri c  topped 
by three strands of barbed w i re .  I n  add i ti on ,  the safety 
featu res di scussed i n  Chapter I I I , Section K Potenti a l  Safety 
Hazards w i l l be provi ded . 

19-6 See response to Comment 17- 1 . 
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OFFICIAL FILE COPY 
U.S. Bureau 01 Rectamatton 

LowN Colorado Re ion 
RECEIVED FEB 1 4  1985 National Parks . Conservation A5sociatilop�A���� __ -t 

1101 EJshteenth Street, N.W.e Wuhinston, D.C. 20009 �Ac:c:\IOI:,,:.: ... =�. ===;:::::"':iIIa::" ... 
RUSSELL D. BUTCHER 

R.,io".' R.",.,."tlltille 
SOUTHWEST " CALIFORNIA 
Box 67 
Cottonwood, AZ 86326 
(602) 634·5758 

R e r:i onal Env i r onmen tal Of'fi c e r  
L o�er C o l o rado Re�i on 

Bureau o f  R e c l ama t i on 
B ox 4 2 7  
B ould e r  Ci t y ,  NY 89005 
Dear S i r :  

0. 

, .. 

HE : CAP Tu c s on Aqueduc t 
Pha s e  D 

Na t i onal Parks & Con � e rva t i on A s s oc i a t i on ,  a priva t e , 
nonpro :f i t  membe r�hi p o rgani za t i on headquar t e red i n  'W a shing
t on ,  D . C . , wi t h  a rer,-i onal o ffi c e  in C o t tonwo od , Ari z ona , 
appre c i a t e s  th i s  oppo r tuni t y  to res pond t o  the ))e c ember 1 8 ,  
1 9� 4 , Draf t  En'- i ronmental I mpac t S ta t emen t 'on the Tuc son 
Aqueduc t Ph ase B of' the Cen tral Ari z ona Pro j ec t . 

Regard i ng t h e  " Aeency Propos ed. Ac t i on " -- th e  W e s t  S i d e  

P l an  :f o r  the Tu c s on Aqueduc t ,  i t  i s  natural l y  unfo r tuna t e , 

from ou r pe r s pe c t i ve , t h a t  such a laree - s c a ] c engine erinr: 

pro j e c t i s  pr opo s ed :for c ons t nt c t i on �i t h in the vic ini ty and 

v i e  ... ' s hed of t h e  Tu c s on }!oun t a in t;ni t of' Saguaro Nati ona l 

M onumen t and the ad j ac e n t  Tuc son H oun tain Park and "'orld 

fam ous Ari z ona-S onora Deser t  fo!useum . S ome d e e-ree of impai r

ment of the vi s i t o r ' s  u s e  and enj oymen t of t h e s e  ou t s t and i ng 

parkl and s wi l l  i nevi t ab ly resu l t ,  even w i t h  the array o:f pro 

posed mi t i ga t i on me � s u re s . 

\-e urge t h a t  one t o t al l y  omi t t ed ma j or al t e n1a t ive b e  

added t o  the ns document : a c ompl e t e l y  buri ed aqueduc t 

:fo l l ow-inc the Ve s t· S i d e  P l an rou t e . I f'  t h e  EIS inc l ud e s  a 
buri ed a1 t e rna t ive through tiae-uaro Na t i onal J.i onume n t  that 

would requi re an a c t of Concre s s , then l o gi c s u �ee s ts a c om

p l e t e l y  buried pi-Pf! l ine al t e rna t ive al one t h e  W e s t  S i d e  Pl an 

rou t e  sll ou l rl  al s o  be d e s c ribed and i t s envi ronment al impac ts 

f'u l l y  ind i c a t ed --i rre s pc c tive of' whe the r o r  not such an al t e r

nat ive a ppears e c onomi cal ly :feas ibl e .  
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2-Kl'CA c o mnen t s  on CAP Tuc s o n  Aqued uc t 

F o c u s ing our C OOll'!en t s  u pon t lw " e fol t ,:; i d e  Pl an ,  w e  

a re alOure t I t a  t some o f'  t h e  envi ronmen t al i mpac t s  o f'  thi s 

aqueduc t ( "' i l d l i f'f> mi era t i ol l � t f'or e x arn p l e ) w i l l  be , and t o  

an ex t e n t  a l re ady are , a l s o  i mpa c t s  o f'  rap i n l y i n c rea s i n� 

urban i z a t i on i n  the Avra Va l 1 ey--on l ann s w e s t  of' S aGUaro 

Na t i onal M onumen t  anrt Tu cs on ?-1 01m t a i n  Park . Thu s , t.here 

wi 1 1  b e  a c umul a  ti ve inlpa c t  o f'  aqued uc t and urbani z a  ti oll 

tl a t  w i l l  impa i r  or d e s t r oy wha t was , on l y  a f'ew short y e ars . 

ago , a vi r t ual l y  unb1 emi shed ex panse, o f'  wi l d  S onoran Des e r t . 

W' e are pa r t i cularly p l e a s e d , t he re f ore , wi tIl t h e  pro po s a l  

t o  acquire , a s  part o f'  t h e  c o s t  of' tl� aq uedu c t pro j e� t , f'our 

s e c t i ons ( abou t 'four square mi l e s ) of' A ri z ona S ta t e  Trus t 

Land ad j a c en t  t o  Tuc s o n  ?-! oun t a in Park " a s  repl a c ement acreaee 

'for hab i t a t  l os s e s due t o  canal and pipe l ine c o n s truc ti on , 

a wi l d l i 'fe moveme nt c orrid o r ,  and t o  mi t ie a t e  'for e 'ff'e c t s  on 

!i. thonlb e ri [Thornbe r ' s  'fishh ook cac tus , Mammi l l ari a tho rnb eri ] 
popul a t ions . "  ( p .  42)  W' e  s upport wi th e n thus i a sm t he pl an t o  e 
pro t e c t  th i s  impo r tant ac rea�e--ex t e nd ine 'from Tuc s o n  M Olul tain 

Park to t}Jt� Papago Indi an R e s e rv a t i  on--'free of' road c on s  t ru e  t i on 

and o th e r  c! ev e l  opmen t s , e x c e p t i l l g  t h e  Tuc s o n  Aquf"du c t . And 'W e  

f'av or th e d o cument ' s  s t a t emen t t h a t  "Thi s l and mus t b e  turned 

ove r  f'or mana geMen t as a wi J d l i t'e area to a s t a t e or c oun ty 

re s ourc e a �ency such a� tJle Tuc s o n  �! oun t a  in Park . "  ( p .  J9 ) 
Th i s  ," ould be an ou t s tand ing adrt i tion t o  the Tuc s on �{ oun t a i n  

Park/Saguaro Nu t ional H onumen t park l and s  c ompl ex ,  and w ou l d  

appe ar t o  ens ure , a s  the Draf't EIS s a y �  ( p . J 9 ) , " a  pe rmane n t l y  

open c orrid o r  i n  and ou t o f'  t J , e  moun t a ins reeard l e- s s  of' f'u ture 

d ev e l o}JI!1e n t  pa t t e rns i n  t h e  AYra \ra l l ey . "  

1ft e do que s t i o n , ho,,-e v e- r , by who t me ans t l t i  s s ta t e  1 and 
'W ou l d  bf" a c qui red : ( 1 )  b y  c as h  pa)men t t o  t h e  S t a t e  'from the 

2 CAP budge t ,  ( 2 )  by an e x cJ ! nn ge f'or Bureau o'f Rec l ama t i on l and� 

e 1  s elOhere , O J' ( J ) by a d e e d o f'  re l i nnu i s hmp. n t  und e r  w h i ch t h e  

Bureau o f'  Land �jana eernen t \,; ou l d  b e  re qui red t o  turn ov� r l and s ls 
und e r  i t s juris d i c t i on of' e qu i val e n t  val ue? Th e BU� � 2. 1 -
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re noy � r�H} l l i r l·r 1  t o  r: i v e  l i p  s om e  $ 80 nd l l i on w o r t h  of' 
pub l i c  l and s i n  A r i zona f'nr CAP-rtl a t cd rl l · cd :> . I I I  the case 
01' the s e  A ri 7. onn S t a t e  Tru s  t 1 . and s ad j a c e n t  t o  Tuc son }! oun-

t a i  n Pu rk , lo'e urF,e p 'i t il e r  ( , ) or' ( 2 )  a t , ove "'" uul  eI IJ('! prc f'erau l p . 

Ree.:a rd i n e  the a(]u e d u c t !pi pe l ine i t s e l f' ,  w e  c ommend pl ans 

t o  inc orpo ra t e  w i J d l i f'e c r os � i nrrs " a t  appro p r i a t e l oc- a t j ons 
a l ol l �  t h e  c a n n l " ;  tha t " L o c a t i on s  and numb e r  of' c ro s s i n �s 

sh ou l d  he o e t e rln inpd hy AGFD (A ri z ona Game and Fi sh Dt! pa r tnwn t ) 
tlased on r e s u l  t s  o f'  the i r  c on t rac t s tud y ( p .  4 "  Rec omtT�eno a  t j  0 11  3 
4 ) . \" p h o pe tha t s t.uriy "" i l l  re c ommend ad d i t i onal w i l d J i f e 

c r o l'l s inc-s 'b e y ond those i nd i c a t ed on the a c c ompal,y i n e;  In S maps ; 

and 'We u re:e t I l a  t tIle operab l e  'W ord " sh ould " be chan(':ed t o  " w i l l "  

t o  make more c e r t a i n  t h e  au th o ri ty of' AGFl> in th i s  c ri t ic a l 

w i l d l i f'e w o l f'arc ma t t er . 

c""� � to "klt«u 
S imi larl y ,  we ur�e th a t  the 'W ord " sh ou l d "  b e � i n  the 

1 i s t i ne of' al l the o th e r  r e c omruenn a t i on s  l i s t en on page s l q  and 4 
42 . Th ese rec ommend e d  ac t i ons to redu c e  envi ronmen tal harm o r  

re s t ore d i s turbed h ab i ta t  are ou t s tandi n c  an d  sh oul d \)e requi red 

pro j e c t  s t i pu l a t i ons . 

'W e  are pl e as ed tha t ( becau se of' t opographi c al c ons t ra i n t s ) 
two s e c t i on s  of" the aquedu c t n e ar S a�nro Na t i on al H onwne n t  are 

to be placed undo rgrowld . The re sul t s h o u l d  be t o  subs tan t ial ly 
reduce t h e  d i s turbed c o r ri d o r  w i el th , reduc e v i s ib i l i ty impai r

ment from w i t h in the monumen t , and reduce w i l dl i fe mi gra t i on 

j mpac ts . 

Our A!'I s o c i a t i on n o t e s  t l l a  t pumping f'ac ll i  t i e s  \.-i l l  b e  r e 

quired t o  pus h  the 'Water up t h e s e  t w o  pi pe l ine s . W e  a r e  c on

c e rned th a t , a s  s ta t ed in the Draft EIS , page 67 : "The op�ra t i on 
t.h e  5-o f'  pumpi ne- pl a n t s  wi l l  c o n tribute t o  t h e  s ound l eveJ. s  i n/ad j a -

c e n t  areas . "  The d ocum�nt e o e s  o n  t o  s ay s ound l e vel s are " we l l  

wi th in a c c e p t ab l e  l im i t s . " Th e c ru c i al qu e s t i o n the d o c umen t 

f'ai l s  t o  an s "" e r i s : wh e re and in wha t  c on t ex t w i l l  t h e s e  s ound 

l evel s in ad j ac en t  are a s  be ac c e pt aul c ? A gai n s t  a ba ckground of' 

H-93 



4 -NIlCA c omM e n t s  on CAP Tue 5 0n Aquf·due t 

vi r t ua ] ] y no s ound s in t I l e  d e s e r t --wo u l  d t h e  a l i en s o und 

01' ma chinery , �u ch as a pumpi n� s t a t i on , a] t hou�h no t o f  

grea t  ma en i  tud e , be nev(� r thel p s s  a ·  d i s  turhance t h a t  c o u l d  

imIJai r v i s i  t or� ' enj oymen t of the na tur a l  s i l en c e s , b i rd 

s on�s , e tc . , in S a guaro N a t i ona] �10nulIIPll t 1  The d ocument 

in(.li<' a t e s  tlla t o per a t i on 0 1'  the pumpi ng pl an t s  " i s  not ex

pe c t ed to cau s e  a noi s e  nu i s anc e "  ( p o  67) . Y e t , the- earl i e r 

s t a tement s ay� the n o i s e  " w i l l  cont ribu t e  to the s ound l evC" l s  

in the ad j nc ent areas . "  . S e ve ral t e rms here are amb i gu ou s  and 
� h oul d be �re a t l  y c l arif'ied in tho F i nal EI S :  wha t i s  r.tf� an t 

by " ad j a c en t " areas . Ad j a c ency i s  a pu r e l y re l a t i ve t e rm ,  and 
C O U l d , f'or ins tance , mean jus t a 1'ew 1'ee t away , or wi t h i n  a 

mi l e  or more . Anyth ing mechan i c al t h a t  c ould " c o n t ribu t e  t o  

t h e  s o und l eve l s "  woul d pred i c t a hl y  ho ve a ne ga t ive impac t 

upon vi s i t or e n j o yment o f'  a n a tu ral park a rp a . The do cume n t  

s h ould b e  1'ar more s pe c i f'i c  in giving the pub l i c  a c l ear fd e a  

o f  j u s t  h ow 1' a r  such s o tmci s wi l l  be d e t e c t ib l e • .Fu r the rmore , e 
i 1'  the re i s  a que s t i on ab ou t noi s e  nui s anc e --as ra i s ed by the 

d ocumen t ' s  own word s : "il!. !l2.i e � pec tpd t o  c au s e  n oi s e  nu i s ancE' , "  

t h e re s h ould be s t eps tak e n  t o  a s s u re t he re \d 1 1  be no noi s e  

nu i sance on ad j a c e n t  l ands , e i ther pa rkl and o r  re s i d e n t i al . 

H ac l r i nary and pump hous ing s t ruc ture s s h ou l d  be e x t raordinari l y  

w e l l i nsu l a t ed , and perhaps pl a c ed he l o� ground l evel . 

Our o t he r qu es t i on regardi ng pumpinff ope ra t i ons conc e rns 

the s urge tank propo sed for each 01' t h e  fou r pumping plant s .  

The d ocument s ays ( p .  72 ) tha t , 1'or three of' t he tanks i n c l ud ing 

D rawl e y  c l o s e  t o  the s ou t hwe s t  c o rne r  of' S a guaro Na t ional �:onu-

6 men t , " t hp.re are no ne arby t o po�raph i c  fe a t ur e s  t o  c on t ain , or 

s c reen , the su rF,e tanks , and t he y  would be pl ainl y vi sibl e for 

s ome d i s t ance . The B ra",-l e y  I'umping Pl an t  s urge tank , if c on

s t ruc t e c1  at i t s rul l  he i gh t , wo uld b e  vi s i h l e  to sens i tive areas 

to the e as t , such as the S aguaro Na t i onal }�onwnent . It 
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� e  ar:re e  w i th t h e  D ra f t  EI S tha t t h E'  v i s ua l  impa c t o f  

t h e s p.  prom i nen t s t ruc tur es c ou l d  be marl e  s omewha t l e s s  c on

s pi cuous i f'  pain t ed a c o l o r  to b l end wi tIl  t l l e  surrollnn i n e  

l and s c ape . '-' e  <l u e s tion , h ow eve r , t h e  s t a t emen t ( p . 73 )  
t ha t " thH re w ouln real l y b e  no way to :ful l y  mi t i c-a te th� 
v i sual impac t o r  the i r  pr e s ence . "  S i n� e a surr.(� t ank re I i e s  

primari ly upon a gi ven v o l um e  ror the tank t o  be erfec t i v e , 

we u re-e t ha t such a t ank c O\l l d  be d(: s i l7led w i  th sh o r t  ve r t i c a l 

and h ro ad h ori zontal d imens i on s , rathe r tItan the o the r way 

around , s o  t h a t i t  woul d  s qua t l ow on t h e  l an d . J.! i eh t  t h e r e  
no t even h e  s ome w a y  t o  pI a c e  the t ank b£! l o"" p:rowld 1 C?ve l ?  

The se d e s i gn a nd pl ac emen t rHon i r i c a ti or.. s. ,  .i t  s e er.lS to u � , 

woul d re sul t i n  gre a t l y  reduc e d  v i sua l and s ound impac t s . 

R e C'8. rd i n �  t he c anal i t s e l r , one "'ay ( n o t  men ti one d i n  t h e  

Dra ft EIS ) to reduc a i t s  vi sual impa c t  i s  t o  add col o rine t o 

t h e  conc re t e  that w i l l h e l p  b l end t h e  !> t ruc tu re i n t o  tl.le 

s urround i ne d e s e r t  l and s c a pe --d oing s o  at l e as t  (In tho s e  

c acal s e c t i onf; ,,'e s t o r  S a gu aro Na t i onal N onume n t , Tuc s o n  �: oun

t a i n  Pa r1-: , and tl Je Ari z ona-S oHorn Do s e r  t ?-Ius eum . I n  1"1 ying 

over the c omr l e t cd CAP c anal WE'5 t of Pho e n i x ,  we bav e n o t e d  

h o'" thf' s ta rk whi tene s s  o f'  the conc re t e  1 i ni n e  � t anc1 s out in 

s ha rp c on t ras t to the su rround ing mu t e d  d e s e r t  earth t one s . 

Tid s c o l o ring pro c e s s  w ou l d  s e e m a re l a t i ve l y  e a s y  mi t i ga t i on 

measure t h a t  may eVe:'n he enVi r onmen tal l y and e c onomic al l y  pre

re rab l e  to c on s truc t ing ex t ra hi gh d i k e s  t o  hide t h e  c an a l  

1'rom van t aee p o i n t s  ups l o pe in S ar,uarc.> Na t i onal l-tonumen t and 

Tuc s o n  ?-! oun t a in Pa rk . Such d ik e s  would thern s e l  v e s  be s i gni fi 

c an t  v i s i b l e  man-made fea ture s , and they c oul d c onc e iv ab ly 

p rodu c e  wld e s i rab l e  env i ronme nt a l  s i d e  e f fec t s . 

Reeard ine t h e  propo se d 69kV and 1 1 5kV t rans mi � s i on l in e s , 

7 

we are na tur a l l y p l e a serl t o  s e e  th e pro po sed a l t e rna t i vt� s avoid 

� u t t i ng thro u gh Saguaro Na t i o�l a l  �'! onl1ment � h e  hope the s e  l i ne s  

w i l l  rol l o w  t h e  aqu e d u c t  c o rrid o r , s in c e  tr.a t would pl a c e  them 8 
farther rrom t h e  monumen t . To he l p redu c e  thE' vi sib i l i ty o f  

t h e  t ransmi s s ion fac i l i t i es , w e  uree tha t non-s pe cul ar c onduc t or� 
he u s ed a l ong t he s t re t ch v i sibl e rrom Saeuaro Na t i ona l �1ol1\lmen t  
an d  Tur s on 1-t o un t a i n  Park . 'i e  ar E' pl e a s ed t o  read ( p .  49 )  t h a t  
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"Al l pOl"e rl i ne pol e s  w i l l he o f'  a e"! e s j r;n Ula t w i l l  prev e n t  

ac c id e n t a l  e l e c t rocu t i on o f'  rap t o rs . "  Thi s meaaure i s  pa r t i 

cularl y i mpo r t an t s il l c e  ::; � p:ua r o  NH ti oun ]  H Olllll',ent and Tuc s on 

Moun t ain Park provide impo r tan t hab i t a t  f'o r a , .. i c l p  va ri e t y  o f'  

rap t o r  [o;pec ie s , inc l ud inr,- t h e  �old e n  ea�l e .  

C on c e rning re-ve�c tat in� o f'  (l i s t l J rucd GTounrl a l on e  the 

c a nal c orrid o r  ( he yond thC' c anaJ and e s s e n t i al Infl i n t enanc c 

roads ) o r  on eround ah ove pi pe l ine s , we rec ogni �,e , as the 

d ocument s ta t r. s  ( p .  l�f, ) , that t he f'ragi l e  Sonoran De s e r t  

}lflhi t a t s  " are very sus c e p t i h l e t o  d amage and re-e s t at l i s hl!!c n t  

o f'  � ome spec i e s  i s  ex t reme l y  s l ow . "  Th i s  i s  one exc e l l en t  

reas on t o  reduce t o  a minir.lum al l such l and rl i s turban c es . 

"' e are pl eased t o  read the d ocument ' :s  provi s i on that ( p .  48 ) : 
"l-a t i ea t i on f' o r  d e s troyed hah i t a t  w Ci u l e  c o n � i s t  of' revege t a t i on 

a t t emPll on a l l c ons t ru c t io n  d is turbed arAas no t requ i red f'or 

opera t i on and mai n t enanc e o f'  t h e  aqueduc t .  Revege t a t i on "oul<1 

� a t t empted on a l l  s po i l  a re a s , borrow arHas , and prot e c t i ve 
(H kes immed ia t e l y  af'ter they n rc l.�s ed or c o ns truc t ed . . . .  1, 1 1  
areas o f'  c o ns t rue' t ;.on di s turlH'tn c e  w ould b e  rev(� ce t, :  t. e d  a nd 
are as prev i ous l y d i  1" tu rbe<1 ,"" oul e"! 1)e ove rhc ecl nd , j f' n e c e s !" ury . If 

[ empha s i  5 add ed J lie urce , h o" evp.l' , tha t a m o r e  prec i s l:'  A X -
p ]  ana t i on be ffi ven reg'a rd i n� what i s  i n t e nd ed by t I l e  terms 

" a t temp t s " and " would be a t t cm p t ed . "  "' i l l til(' advi c e  o f'  !-lr o 

f'ess i ona l b o tan i s ts wi th a proven t h o rou�h knowl erlee and und e r

s t and inp: of' the S onoran D e � e r t ' s  na t i ve pl an t l i f'e be S OllCh t and 

appl i ed ?  \W ha t  sh ou l d happen i f'  ini t i a l  n t temp t s  a ] onti the route  
prove unsuc c e !-; s f'ul ? Frol'1 thi s d o cumen t . t !'l e  ptll l l j c c ann o t  t e l l 

whe t h e r  ( 1 )  no f'ur t her a t tempt� woul d  h e  reC]u i rerl , ( 2 )  an o t h c r  

f'o l l owup a t t eMpt woul d o c c u r , o r  ( 3 )  a t. t em p t s wou l d  c on t i nue 

unt i l  s uc c e s s  i s  ach i eved . �}lat l ev e l  o f  �u c c e R S  or l ack t h e re
o f'  ,,'cu l ci  c on s t i tu t e an " a t t emp t , "  a s  in t e nd ed Ly t h e  F.I S ?  S inc e 

.... e know re-v e ge t a t i on e"! o e s  prove suc c p. :; ::; :fu l  wi th ffre a t  care , 

,,-e uree a t t e!'\p t s  be carried ou t l I n t i l  suc c e s s  i s  a c h j  (> v�d . 
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H e �a rd in� t h e  un fo r t u n a t e  f':tc t t h a t "Tlw \\· e � t S i d e  1' l an 

w fl u l  d c u t  t h r oueh Th o rnber ' 8 fi s hh o ok c a c 'tus hald t a t  f o r  

s everal mi l e s a nci  d t> s t roy a n  e � t i l'l1n t H d  1 �) , ()()O c a c t i " ( a p o s 

s i b l y  c o n s e rva t i v e  e s t i ma t e ) , aHd t h a t  " t h e  a re a  i mpa c t ed b y  10 
t h e  ", e s t  S i d e  P l an con tai ns s ome of the d e n fo' e s t  a nd h e a l  tId e s t 

s t anrl s o f  thi s spe c i e s , "  ( p .  )6 ) , we uree t h a t  eve ry c onc e i vai) l e  

way b e  found t o  a v o i rl  o r  rerluce s l l c h  a ma j o r  i MJXl c t  upon Ii 
s pl� c i e s  pro posed as a fcd e ra I l  y d e s i erw t e d  " t h r e a t ened s p e c i e s . "  

W e  d o  n o t e  t h a t  t h e  s t re t c h  o f  bur i erl pi p e l i ne from D rawl e r  
Pum p i n �  S t a t i on w ou l d c a u s e  l e s s  harm t 11 ,Hl "" ('\l I d  a n  open c an a l  

t h r ou gh t h i s c a c t u s  l tab i t n t ; ye t ,  w e  urgf' tha t ex t raordinar)" 
c a re be t ak e n  i n  pi pe l in e  c ons t ru c t i on t o  mini m i ze t h e  e x t e n t  

o f  rl i s  tu rbanc e . \: e qu e s t i o n  whe the r  a s Ili f t in� o f  t h e  aC)ue duc t 

t h roue;h t h i s a r e a  c ould al s o  preven t unnec c e s s H ry  d e s t ru c t i on .  
A s  " preven t i v e  archa e ol ogy "  i n  pi pf ! l ine c o n s t ruc t i on pro j e c t s  

o f t en save s i rrepl a c e al> l e  cul tural s i t e s , w e  would h ope the 

l e as t d e s t ruc t i ve rou t e  w i l l  be s e l e c t ed i n  t h i s i n s t anc e . 

I s  i t ,  f o r  i n s t anc e , n o t  po s s i h l e t o  s h i f t  t h e  l ine e s s e n t i a l l y  

ou t o f  S e c t i o n  ) ) ?  I t  i s  w i t h i n  S e c t i on J) that · "'·t' und e rs t anrl 

, p\a.>ct:s 
t h e  b e s t and d en s e s t of Thornber s c n c tus " ero w ,. . By s h i f t i ng 

out of , o r  even m o s t l y ou t o f  S e c . ) ) , t h e  aqueduc t "" o u l d  .al s o  

have l e s s  s h a rp turns j u s t n o r thwes t o f  t h e  TI ral,,. l e y  Pumpine 

P l an t  and at the end of the pi pe l ine in S e c t i on ) • 

• e hope the ab ove commen ts lI' i l l  be he l pfu l , and our A�so
c i a t i on appre c i a t e s  t h e  ch anc e t o  expre s s  o u r  vi e,,' 8  on t h e  

Tu c son A q u e d u c t .  

c c : B TU.c e  E l l i s  u s s  

11 

Env i ron . Program t; an .  
AZ Pro j e c t s O f fi c e  
Bur . R� c l ama t i on 

S ou th"" es t-l.;-Cal i f o rn i a  Hepr e s en t o  ti ve 
� n t ' l  Park s &. C o n s e rva t i on As s ' n .  

P . O .  Box qQRO 
Ph oen i x , AZ �5068 

Box 67 , Co t t onwo od , A2 86)26 ( 602 ) 6)11-5758 
Rob Amb e re'er , Superi n t enden t  

S aeuuro �a t t l  t� on . 

H-9 7  



Responses to Comments 
Nati onal Parks & Conservat ion Assoc i ati on 

20-1 A compl ete ly  bur ied aqueduct fol l owing  the West S i de P l an route 
was con s i dered but  e l imi nated as an a l ternati ve ( see West S i de 
Mod if i cati on Low Pressure P i pel i ne , Chapter I I .  E .  ( 1 ) ) .  
However ,  i n  response to publ i c  comment and based on d i scu s s i ons 
wi th the Nat i onal  Park Serv i ce , Fri ends of the Desert , and the 
Southern Ari zona Water Resou rces Assoc i at i on , the dec i s i on was 
made to i nc l ude Sanders-San Joaqu i n  Mod i f i cation P l an i n  the 
f i na l  E I S .  Thi s p l an i s  very s i mi l ar to the route fo l l owed by 
the West S i de P l an but cons i sts of more p i pel i ne .  In add i t ion , 
the p i pel i ne wou l d  be adj acent to the west  boundary of the 
Saguaro Nati ona l Monument rather than goi ng through the Monument 
as  w i th the Sandari o and Sandari o-San Joaqu i n  P l ans . D i scuss i ons 
rel ati ve to the Sanders-San Joaqu i n  Mod if i cat ion p l an have been 
i ncorporated throughout the document where appropr iate . 

20-2 If the state l ands w i th i n  the mi t i gation corridor qual i fy for the 
Deed of Rel i nqu i shment ( DaR ) process , then Recl amati on i s  
requ i  red to acqu i  re these 1 ands by the DaR process .  State 1 ands 
that do not qual i fy for the DaR proces s  wi 1 1  e i ther be purchased 
from the state or an exchange wi l l  be worked out between the 
state and Recl amation . 

20-3 See response to Comment 18-7 . 

20-4 These recommendati ons are from the FWS Coord i nat i on Act and we do 
not have the 1 i berty to ed i t  the i r recommendat ions . However ,  we 
have corruni tted to impl ement a l l of these recorrunendat i ons except 
number 9 .  "Mi n imi z i ng d i stu rbance" wou l d  i nc l ude restri cti ng 
construct i on d i stu rbance to the aqueduct r ight-of-way wi th i n  one 
ha l f  mi l e  of act i ve Harri s '  hawk nests . No hau l roads ,  equ i pment 
yards or other rel ated i mpacts off of the ri ght-of-way wou l d  be 
permi tted off of the ri ght-of-way in these areas . I n  add i t ion , 
constructi on crews wou l d  be i nformed of l aws protecti ng wi l d l i fe 
from d i sturbance and g i ven di recti ves i n  the i r  contracts to 
comply  w i th these l aws . The suggest ion to "curta i l  construction"  
from January 1 to  June 1 near Harri s Hawk nests and  to  " ha l t 
construct i on from May 1 to October 1 i n  the wi l d l i fe corri dor" 
cou l d  res u l t i n  on ly 2 months of construction be i ng a l l owed per 
year i n  some areas . Th i s  wou l d  not be compati b l e  wi th 
construct i on schedu l es and wou l d  on ly be cons i dered to avo id  
d i sturbance to  a federal ly l i sted s pec i es .  

20-5 The des i gn and constructi on of the pump i ng p l ants wi l l  m i n imi ze 
any sound i n  the area outs i de of the project r ight-of-way . The 
features of the p l ants wi l l  be constructed in an excavated basi n ;  
the pumps wi 1 1  be encased i n  concrete and bel ow the ground ;  the 
drive motor i s  on top of the concrete but  i s  encl osed for cool i ng 
purposes . Thi s compl ete un i t then i s  encl osed i n  a precast 
concrete bu i l d i ng .  Wi th the pump in  the bas i n  the sounds that 
are made wi l l  be refl ected upward by the excavat i on s l opes . 
Therefore , there s hou l d  be very l i ttl e i f  any sound pol l u t ion i n  
the area . The di scu s s i on i n  the fi nal E I S  has been mod if i ed to 
c l ar ify the amb i guous terms . 
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20-6 Through the proces s of des i gn i ng the system three d i fferent 
methods of surge contro l  were stud i ed .  The fi rst i s  the standard 
two-way surge tank .  Th i s  tank  i s  s i tuated over the di scharge 
l i ne of the poi nt of greatest negati ve pres sure w ith the top set 
at the max i mum hydraul i c grade l i ne .  There are no val ves or 
movi ng parts i n  th i s  structu re and i t  operates by taki ng water 
from the surge tank  i nto the d i scharge l i ne and back i nto the 
tank  as the s urge reverses i tsel f .  Th i s  type i s  the most  
economical . The second type i s  the l ow and  w i de one way tank .  
Th i s  tank  i s  aga i n  l ocated of  the pOi nt of  greatest negative 
pressure .  Th i s  tank  i s  s i zed to conta i n  the vol ume of water 
requ i red to ma i nta i n  the d i scharge l i ne fu l l  and requ i res a va l ve 
system that a l l ows the water out of the tank but stops i t  from 
retu rn i ng when the surge reverses . These val ves are rap i d  
c l os i ng and cause l oud noi ses on c l os i ng .  A l so , depend i ng on the 
s i ze and l ength of the d i scharge l i ne ,  i t  may requ i re several  
val ves , thus effecti ng the rel i ab i l i ty of the system . Th i s  i s  
a l so the most cost ly  of the systems . The th i rd method , and the 
des i gn sel ected for the Brawl ey ,  Snyder H i l l ,  B l ack  Mounta i n ,  and 
San Xav ier  Pumpi ng P l ant , i s  the a i r chamber system . Th i s  system 
i s  a sphere l ocated adjacent to the pump i ng p l ant and connected 
to the d i scharge l i ne . Th i s  chamber i s  fi l l ed wi th water and 
pressuri zed wi th a i r  to force the water i nto the d i scharge l i ne 
i n  the event of a down surge caused by a pump fa i l ure . Th i s  tank  
requ i res an  a i r  compressor to ma i nta i n  the correct vol ume of 
water and a i r  i n  the system . Th i s  i s  rated second i n  rel i ab i l i ty 
and cost but i s  the most envi ronmenta l ly acceptabl e  as i t  i s  
l ocated i n  the bas i n  wi th the pump i ng p l ant . 

20-7 The d i kes on the ups l ope s i de of the canal wou l d  not be 
constructed as v i sual  mi ti gati on features , but rather wou l d  be 
necessary to prov i de cross  dra i nage protect ion to the cana l from 
natura l  storm runoff . They woul d  however ,  funct i on to concea l 
the canal  from most of the more v i sual ly  sens i ti ve vantage poi nts 
to the east .  We have eva l uated the concept of col ori ng the cana l 
concrete to hel p b l end the structure i nto the surround i ng 
l andscape . We have conc l uded that col ori ng the enti re concrete 
surface of the cana l i s  not just i f i ed .  Once operati ona l , the 
canal  wi l l  rema i n  fi l l ed wi th water ,  except on rare occas ions 
when ma i ntenance may requ i re temporary dry-ups . Because of th i s ,  
and because the d i ke wi l l  be of adequate he ight  to provi de some 
v i sua l  re l i ef , we have concl uded that the add i ti ona l cost i s  not 
just i f ied .  However ,  we agree that pa i nt i ng or sta i n i ng h i gh l y  
vi s i b l e  cana l structures , s uch as bri dges , p i pe and fl ume 
overchutes i s  a val i d  techn iq ue for reduc i ng v i sual  i mpact , and 
have i nc l uded t h i s  commi tment i n  the fi nal  E I S .  

20-8 As a mi t i gation measure for v i sua l  i mpacts , non-specu l a r 
conductors wi l l  be u sed a l ong the enti re l ength of the 
transm i s s i on l i ne . 

20-9 The m icro-hab i tat of a canal d i ke or steep s l ope of a pumpi ng 
pl ant excavat ion may not provi de the s pec if i c  requ i rements to 
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20-10 

20- 1 1  

support a l l the pl ants nat ive to th i s  spec i fi c  l ocat ion . P l ants 
nati ve to Ari zona but  not spec i f i ca l ly  nati ve to the Tucson area 
( s pec i es that can tol erate exposure on a bare , steep , l ow 
moi stu re-reta i n i ng s ubstrate s uch as a d i ke )  may be the on ly  
spec ies  that can be  estab l i s hed , at  l east i n i t i a l l y .  I f  no  such 
nat i ve spec i es are s ucces sfu l , cons i deration may be g i ven to the 
use of non-nati ve spec i es but only i f  agreed to by other 
i nterested part ies i nc l ud i ng the Arizona-Sonora Desert Mu seum 
wh i ch i s  work i ng c l osely w ith us to devel op a su i tab l e  seed 
mi xture .  Al l reasonabl e  efforts (as  determi ned col l ect i vely by 
the resource agenc i es and organ i zat ions i nvo l ved ) wi l l  be made to 
revegetate a l l d i stu rbed areas . Necessary and effecti ve 
mi t i gati on mon i tori ng w i l l be des i gned i n  conjunct ion wi th the 
FWS and AGFD and other concerned part i es once the mi t i gat i on i s  
f i na l i zed and mon i tori ng priori t i es are determi ned . No s pec i f i c  
mon i tori ng p l ans  have been forma l i zed a t  th i s  t ime .  

Mon i tori ng to determi ne the effect i veness  of the mi t i gati on wi l l  
beg i n  i mmed i ately after construct i on i s  compl eted and wi l l  
cont i nue u nt i l i t  i s  determi ned that the mi t i gat ion i s  work i ng .  
I f  add i t i onal  mi t i gat i on needs are i dent i fi ed they wi l l  be added 
and mon i tored to determi ne the i r  effect i veness . 

A l i ke ly conservati on measure to off-set the l os s  of 19 ,000 
Mammi l l ari a thornberi from construct i on wou l d  be to acqu i re and 
preserve from future devel opment a pare1 of 4 . 25 square mi l es 
support i ng an estimated 27 ,000 i nd i v idua l s  of th i s  s pec i es .  

The l ocat i on of the l i ne i s  at  i ts opti mum pos i t ion wi th the 
Nat i onal Monument and the homes in sect ion 4. To move the 
a 1 i nement South wou l d  requ i re con s i derabl e  more excavati on or 
l onger d i scharge l i ne , both wh i ch greatly i ncrease the overal l 
cost of the project . 
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February 12 , 1 9 8 5  

Regional Environmental Officer 
Lower Colorado Region 
U .  S .  Bureau of Rec lamation 
P .  O .  Box 4 2 7  
Boulder City ,  Nevada 8 9 0 0 5  

Re : E I S  Tucson Aqueduct . .  I'hasc B 
Central Arizona Proj ect 

Dear Sir : 

T E L E PH O N E _ 2 2 - 3  __ 1 
... III E ... C O C E  _01  

OFF1CIAL ALE COPY 
U.S. Bureau I)f Reclamation 

lower Colorado R60foil 
RECEIVeD FEB 1 4:  1985 A 
ACIIaII �Q/.,O.lL 
MIlO" ..... INtIIIa 

DIn InIIItI 10 

15V_ 

..... 

Representatives of the Papago Tribe of Arizona were unable 
to attend and present oral and written comments at the pub lic 
hearings on the merits of the West Side P lan . 

There fore , the enclosed comments are hereby submitted for your 
consideration . 

Very truly yours , 

STRICKLAND & ALTAFFER 

;/ h7 � /'f;T- . " . ' . eL: � � (.. . �;'v� -( ,( I-�� .--.tf 
Wil liam E .  Strickland 
General Counsel for 
Papago Tribe of Arizona 

WES/j c 
�nclG . 

cc : Josiah Moore , Chairman 
· Papago T ribe of Arizona 

P .  O .  Box 8 3 7  
Sells , Arizona 8 5 6 3 4  

Bureau o f  Rec lamation 
Arizona P roj ects Office 
Suite 2 2 0 0  Valley Center 
2 0 1  North Central Avenue 
Phoenix , Ari zona 8 5 0 7 3-
F i le 3 30 - 7 0 0  
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THE PAPAGO TRIBE OF ARIZONA 
P.o. BoE 837 • Telephone (601) 383-2221 

Sella, Ariso... 81634 

PAPAGO TRIBE ' S  WATER COMMISSION 

February 11 , 19 8 5  

To : United S tates Department of the Interior 

From : The Papago Tribe ' s  tvater Commiss ion 

Sub j ect : Comments on Bureau of Rec lamation ' s  decis ion to identify 
the West Side P lan as the Agency ' s  proposed action . 

The Papago Tribe of Arizona through its Tribal Counc i l  

established a Water Commission whose membership was made up of 

de signated leaders from the various T ribal D istricts with serious 

infringement of its water rights by Non- Indian entities including 

the Federal Government .  This Water Commission hereby submits its 

·comments on the Bureau of Reclamation ' s  decis ion to identify the 

west s ide aqueduct alinement as the proposed action . 

The Southern Arizona Water Rights Settlement Act of 1 9 8 2  

( T it le I I I  o f  Pub lic Law 9 7- 2 9 3  enacted October 12 , 19 8 2 )  mandates 

�le Secretary of ��e Interior to deliver Central Arizona Proj ect 

water and other imported water to the San Xavier Reservation and 

the Garcia S trip and/or Vaya S trip of the Schuk Toak District of the 

Sells Reservation through the Central Arizona Proj ect aqueduct sys-

tern as soon as pos sible but no l ater than October 1 2 , 19 9 2 .  Any 

delay in the construction of thi s aqueduct would materially affect 

the Papago Tribe and its peop le .  Therefore , the Papago T ribe must 

H- I 0 2  



� . set a high priority on all  factors that wi ll expedite the completion 

of the Phase B port ion of the Tuc son Aqueduct which extends to the 

southern boundary of the San Xavier Reservation . 

This action should not be construed by the Bureau or other 

interested parties that the Papago Tribe or its Water Commiss ioners 

are not serious ly concerned with all  adverse environmental impacts 

associated with the west side plan . The Papago people have a his

tory of fighting for the pre servation of their land in its natural 

state and being extremely slow and cautious in allowing any change 

that would or might create an adverse impact on their land , water , 

air , natural habitat and other natural res ources of their reserv-

ation . Mr . John Narcho , Chairman of the San Xavier District , member 

of the Papago Tribal Counc i l  and a member of the Water Commi ss ion ,  

active ly participated as a member of the Committee on Al inement , 

Terminus and S torage ( SAWRA) and listened and studied al l a lterna-

tive routes for the Central Arizona Proj ect aqueduct .  A l l  adverse 

environmental impacts associated with the west side alinement were 

presented , discus sed and cons idered by this committee . All other 

poss ible a linements were analyzed and compared with the west side 

alinement . Even though the west s ide alinement has adverse environ-

mental impact , as do a l l  a lternative ro�tes , we believe there is the 

ability to mitigate most adverse environmental impacts as soc iated 

with the West Side Plan . 

The west s ide aqueduct alinement is de finite ly an advantage 

to the Congressionally mandated delivery of water to the Garcia 

S trip and/or Vaya Strip of the Schuk Toak D is trict of the Se lls 

Res.ervation and to the San Xavier Reservation . The \vest Side P lan 

is also the leas t  expens ive alternative . Due to the large Federal 
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budget de ficit and the Administration ' s  intent to cut funding for 

existing water proj ect s , inc luding- the Central Ariz ona Proj ect , it 

is es sential that the least cost alternative plan be adopted i f  

this proj ect i s  to b e  completed prior to October 12 , 19 9 2 .  If the 

Central Arizona Proj ect de l ivery system is not completed by this date 

and the quantity of water mandated by the Act is not delivered to the 

San Xavie r Reservation and the Garcia and/or Vaya Strip of the Schuk 

Toak District , the United State s Government wil l  be liab le for sub-

stantial damage s as set forth in Tit le I I I  of Public Law 9 7- 2 9 3 .  

There fore , the Papago Tribe ' s  Water Commissioners hereby 

accept the We st Side P lan with the exception of the aqueduct aline-

ment through the San Xavier Reservation inc luding the te rminus point 

or termini points at the south boundary o f  the Reservation . 

Although the Bureau of Reclamation has cons istently pub-

1 lished materials and maps which identi fy a de finite aqueduct aline

ment through the San Xavie r Reservation , neither the San Xavier Dis-

trict , the Papago Tribal Counci l  nor the many individual allottees 

agree to this alinement or any other alinement . Part of the prob

lem involved in this matter is the lack of information and data for 

the P apago people to make an intel ligent decis ion . Without this in-

formation and data it is use less to take the necessary steps to ac-

quire a consensus of opinion as to any aqueduct a linement through 

the S an Xavier Reservation . There are some studies be ing performed 

at this time but lack of availab le funds has impeded the progre ss 

of this critical decision making proce s s . It is imperative that 

the Bureau of Rec lamation understand that without tribal consent a 

right-of-way across the S an Xavier Reservation cannot be obtained . � 
It is also necessary to acquire the consent of each individual 
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allottee whose land · .is involved in any aqueduct alinement . This 

cri tical problem has been ignored to.o long and should be addressed 

as soon as pos sible . 

The Papago Tribe ' s  Water Commiss ion wishe s to emphasize 

that it is willing to work closely with the Bureau of Reclamation 

to expedite a solution to the 

n Narcho 
Water Commi s s ioner 
San Xavier Reservation 

. --.. /. I / ;=r 'iO::::> C � �� � . ;>v 
Willard Juan ' 

Water Commi s sioner 
S i f  Oidak District 

problems set forth hereinabove . 

. �eer Commissioner 
-San Xavie r Reservation 
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Responses to Comments 
Stri ck l and & Al taffer 

2 1 - 1  We wi l l  work c l osely wi th the tr ibe on ri ght-of-way acqu i s i t i on 
procedures and requ i rements . We understand that tri bal  consent 
i s  necessary ,  and a l so i nd i v i dual  a l l ottee consent on a l l ottee 
l ands . Toward th i s  end we have a l ready he l d  two publ i c  
i nformational  meeti ngs on the San Xavi er I nd i an Reservation to 
i dent i fy spec i fi c a l l ottees affected and to i nform Reservation 
res i dents of the proposed aqueduct al i nement . 

Recl amat i on rea l i zes that the Tri be wi l l  not make a dec i s i on 
concern i ng the a l i nement unti l the i r  devel opment pl an i s  
compl eted . Th i s  p l an i s  be i ng devel oped by the Tri be under a 
Publ i c  Law 93-638 contract wi th Recl amation and i s  schedu l ed to 
be compl eted i n  October 1985 . Recl amati on i ntends to conti nue 
coord i nati ng wi th the Tri be as the stud i es proceed . 
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Comme n t s  to : Statemen t Numbe r I NT DES 84-68 

I am so r ry t he Bu �u of Rec l ama t i on has p roposed act i on 0 

OFFICIAL RlE COPY 
u.s. Bureau of Reclamation 

Lower Colorado Region 
RECBVED FEB 1 5 1985 A 
AdIoII 
Ac1IOft 'M8n 'nltial, 

0IIe InItIl' To 

I.�Q 

to" .1. � ' ..1  I,  
,,, ,, ""'f:";;"'; n:-. - -..,..::.:.- . 

i nasmuch as t h a t  p l an has the h i ghest nega t i ve i mpact i n  ed . 

The i mpac t s  t h a t  I be l i eve mu s t  be the ve ry l owes t  pos s i b l e  a re fo r :  b i o l og i ca l , 
cu l t u ra l , v i s ua l , sound a n d  rec rea t i on a l  resou rces . 

F rom t h i s  s t udy i t  i s  expected t ha t  t he Wes t  S i de P l an w i l l  have t he h i ghest negat i ve 
i mpac t  on b i o l og i ca l  resou rces . And , on-page� l as t  pa rag raph , i t  i s  s ta ted t h a t  
the adve rse ove ra l l b i o l og i ca l i mpac t s  o f  t ha t  p l an wou l d  b e  s a t i s fa c t o r i l y 
m i t i ga ted . Howeve r ,  cos t s  a n d  t i me p red i ct i on s  to accomp l i s h t h i s  a re no t g i ven . 

To p reven t d i rect a n d  secon da ry des t ruct i on of a l l cu l tura l resou r ces s teps need 
to be taken to rou te t he p i pe l i ne t h rough t he a reas known to have t he l owes t  
n umbe r o f  s i tes . 

Tota l nega t i ve i mpac t  to t he v i s ua l  resource w i l l  not be de t e rm i ned un t i l i t  
( heaven forb i d ) i s  i n  p l a ce- - t he des i gn of the p i pe l i ne i s  s u b j e c t  to change and 
mo re s u rge tanks cou l d  be a d ded ( 1 00 fee t h i g h ) ! 

1 

2 

3 
Sound i s  n o t  a ma t te r  o f  dec i be l s  on l y--a con s tan t no i se a t  a n y  dec i be l  l eve l i s  
often mo re d i s t u rb i n g and h a rmfu l . The p l an wou l d  subj ect not on l y  t he res i de n t s  
of t he a rea b u t  a l so v i s i to rs t o  the Sagua ro Na t i ona l Mon umen t a n d  the A r i zona- � 
Son o ra Dese r t  Museum to ve ry d i s t rac t i ng n o i se . H i ke r s  seek i ng peace and qu i et on 
t he t ra i l s  of the Tucson moun ta i n s w i l l  be d i sappo i n ted . I n  a d d i t i on the no i se 
(and d us t )  caused by ma i ntenance veh i c l es and off- road b i ke r s  (mo re d us t )  us i ng 
t he acce s s  roa d s  mus t  be ad ded to t he d i s comfort o f  t hose w i t h i n  hea r i ng d i s tan ce-
and t ha t d i s tance i s ,  for some reason , mu l t i p l i ed man y fo l d  on t he dese rt . 

The aqueduct w i l l  d i m i n i s h t he recrea t i ona l usefu l ness for eve ryon e . I t  i s  i n deed 
un fortunate that t he Sagua ro Na t i ona l Mon umen t ,  t he Tucson Mou n t a i n  Pa rk a n d  t he � Ar i zona-Son o ra Des e r t  Mu seum a re not tak i n g  a more act i ve ro l e  i n  t ry i ng to p reserve 
the i r wo r l d-w i de rep u t a t i on s . The Museum ' s  futu re expan s i on may we l l  be l i m i ted . 

I refe r now to page 1 04 .  Yes , I am d i s t res sed a t  t he p ros pect o f  hav i ng beau t i fu l  
sun r i ses a n d  s u n s e t s  fo reve r ru i ned by t he s i gh t  o f  pump i ng s ta t i on s , t ransm i s s i on 6 I i nes an d s u rge tan ks ; d i s t re s sed to. know ma ny cu l t u ra l  resou rces a re gone fo reve r 
and that un sc rupu 1 0u s  t reas u re see ke r s  w i l l  des t roy mo re ;  d i s t res sed to know man y  
of t he an i ma l s and p l an t s a re a l so d i s t re s sed and i n  danger of ext i nc t i on ;  a n d  
d i s t re s s ed t o  t h i n k I w i l l  no l onger b e  ab l e  to h i ke t h roug h t he des e r t  and enj oy 
a l l  of n a t u re 1 s  dese r t . 

I am not con v i n ced t h a t  i t  i s  n ot _ on l y  pos s i b l e  and , ove r the l on g  hau l , money 
sav i ng to l ocate the aqued uct th rough ex i s t i n g  farm l an d .  The n umber of m i l es and 
the amoun t of ma te r i a l  wo u l d  be i n c reased b u t  t he eas e  of con s t ru c t i on ( l i tt l e  rock 
to b l as t , e tc . )  wou l d  c u t  t he t i me to bu i l d .  The aqueduct wou l d  be nearer to one 
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Commen ts to : S t a temen t Number I NT DES 84-68 
Page two 

of the th ree p r i me  poten t i a l  u s e rs a n d  the·  secon d a ry nega t i ve i mpact wou l d  be � 
l es sened-- i n  fact , the env i ronme n ta l  i mpact wou l d  be l e s sened i n  a l l a reas of 
con ce rn a l mos t  1 00 pe rce n t .  The C i t y of Tucson own s fa rm l an d  i n  the va l l ey --
pe rhaps , when Fede ra l fun d s  a re seve re l y  cut , Tucson w i l l  be ready to offe r i t s 
l an d  and be w i l l i ng to pu t money towa rd the p roj ect--Tucson w i l l  be t he p r i me 
user-- i n  1 0  yea rs the u se by m i ne s  w i l l  be g reat l y  d i m i n i s hed . Fa rme rs a re beg i n n i ng 
to conse rve a n d  some fa rm l an d  i s  be i ng phased ou t .  I t  makes no sense wha teve r to 
des t roy the foot h i l l s of t he wes t  s i de of the Tucson Moun t a i n s when i t  i s  not even 
the mo s t  eff i c i en t  way to go- - t h e  fu t u re mu s t  be an t i c i pated--mo re money s pen t 
now w i l l  save money i n  the futu re . 

The va l ue of the homes nea r the aqueduct may very we l l dec l i ne to a l eve l t h a t  
w i l l  make i t  i mpos s i b l e  to s e l l an d re l oca te.  

My happ i ne s s  today i s  even now d i m i n i s hed by t h e  p ro s pect of the fut u re I d read . 
Pe rhaps the endange red Tho rn be r ' s  f i s hook cac t u s  a n d  t h e  Tumomoc g l obe- be r ry and 
t he other seve re l y  t h rea tened s pec i e s  w i l l  cause s u f f i c i en t  con s te rna t i on to 
b r i ng a bo u t  a new p l a n des i gn t h a t  w i l l  bene f i t a l l t he n a t i ve p l an t s  and an i ma l s  
an d tha t  we who l i ve ha rmon i ou s l y  among them can en j oy t he peace and qu i e t and 
beau t y  o f  the dese r t .  

S i n ce re l y ,  

o _�� �//� ��Ck 
4405 N. O l d Ranch Roa d 
Tucson , AZ 85743 
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Responses to Comments 
Rosemary Maddock 

22-1 M i t i gat ion  costs for a l l a l ternat ives are g i ven on Tab l e  2 of 
the E I S .  

The mi ti gati on schedu l e  i s  d i scus sed i n  Chapter I I I . A . 3 .  Most 
structura l  mi t i gati on wi l l  take p l ace prior to or du ri ng the 
cons tructi on of the aqueduct wh i l e  any add i ti onal  needed 
mi t i gati on wi l l  be i mp l emented after constructi on i f  determi ned 
to be necessary by mon i tori ng . 

Necessary and effect i ve mi t i gati on mon i tori ng wi l l  be des i gned i n  
conj uncti on wi th the u . s .  Fi sh and Wi l d l i fe Serv i ce and the 
Ari zona Game and F i s h  Department and other concerned part i es once 
the mi t i gati on i s  fi nal i zed and mon i tori ng priori t i es are 
determi ned . No spec if i c  mon i tori ng p l ans have been formal i zed at 
th i s  t ime .  

Mon i tori ng to determi ne the effecti veness o f  the mi t i gat i on wi l l  
beg i n  immed i ately after constructi on i s  compl eted and wi l l  
cont i nue unt i l i t  i s  determi ned that the m i t i gati on i s  worki ng .  
I f  add i t i onal mi t i gati on needs are i dent if i ed they wi l l  be added 
and mon i tored to determi ne the i r effecti venss . 

Al l reasonab l e effort ( as determi ned col l ect i vely by the resource 
agenc i es and organ i zati ons i nvol ved ) wi l l  be made to revegetate 
a l l d i sturbed areas . 

22-2 Federa l l aw requ i res Recl amation to i dent i fy s i gn i f i cant cu l tural  
resources and mi t i gate adverse affects wh i ch may be cau sed by 
cons truction of the Tucson Aqueduct Phase B .  Wh i l e  i t  i s  our 
des i re to preserve our cu l tura l  heri tage , th i s  i s  not a l ways 
feas i b l e  w i th i n  the gu i del i nes of a l a rge constructi on project 
l i ke the Central Ari zona Project . We wi l l  devel op a mit i gat ion 
pl an of data col l ection studi es ( subsurface excavati ons and data 
analyses ) i n  concert wi th the Ari zona State H i stori c Preservati on 
Offi cer to reduce impacts to s i gn i f i cant cu l tural resources . 

22-3 Because of concerns ra i sed about the v i sua l  i mpacts , the tal l 
surge tanks are no l onger proposed at Brawl ey ,  Snyder H i l l ,  Bl ack 
Mounta i n ,  and San Xav i er Pump ing  P l ants ( see responses to 
Comments 14-3 and 15-2 ) . 

22-4 The sound from the pump i ng p l ants w i l l  not be a d i s tract ion to 
h i kers on the Monument as these pl ants wi l l  be bel ow the ground 
and encl osed i n  a concrete bu i l d i ng ( see response to comment 
20-5 ) .  The access to the pump i ng pl ants wi l l  be by paved roads . 
The cana l operati on road wi l l  be an a l l weather road and wi l l  be 
cl osed to publ i c  traffic . Trave l on th i s  road wi l l  average about 
one round tri p per day after the i n i ti al start up peri od . 
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22-5 Potenti a l  recreat i on opportun i t i es a l ong the a l ternati ve 
a l i gnments are ranked l ow for the No Federa l Act i on ,  moderate to 
l ow a l ong p i pel i ne sections , and moderate a l ong open canal 
sect ions . Based on the current devel opment and l and ownersh i p  
trends , very l i ttl e o f  the l and i dent i fi ed as  CAP al i gnment 
r ight-of-ways R-O-W wou l d be avai l ab l e  for publ i c  recreat ion 
devel opment and use . The p i pel i ne porti ons of the a l i gnments 
wou l d  requ i re l es s  CAP R-O-W , however , the avai l ab i l i ty of the 
p i pel i ne for recreati ona l u ses i s  h i gh ly  un l i kel y s i nce the 
majori ty of these sect ions wou l d  be in or adjacent to exi st i ng 
roadway and uti l i ty R-O-W . I n  those cases where the p i pel i ne i s  
not i n  an exi s i tng R-O-W , recreati ona l use cou l d  be cont i ngent 
upon the form of R-O-W acqu i s i t i on and management . 

The open cana l sect ions wi th the i r associ ated fl ood detent i on 
bas i ns wi l l  requ i r€ that Recl amat i on acqu i re these areas on a 
permanent bas i s .  Th i s  a l l ows the opportun i ty of recreati onal 
deve 1 opment and use a l ong the canal R-O-W as wel l  as in the fl ood 
detent ion bas i n s .  Th i s  type of recreat ional  devel opment and use 
i s  a 1  ready tak i ng pl ace a l ong the CAP canal  in  the Phoen i x  metro 
a rea and s i mi 1 i a r  types of recreati on are expected to occur i n  
the Tucson Phase B area . I n  many cases , the canal i tsel f i s  not 
v i s i b l e  from the detent ion bas i ns and a l ong the ups l ope area 
proposed for a County tra i l .  We have been coord i nati ng the 
conti nu i ty of the tra i l  w i th P ima County P l ann i ng and Zon i ng 
Department and the P ima County Parks and Recreat i on Department . 

We agree that the qua l i ty of the recreat i on experi ence a l ong the 
open CAP canal i s  not the same as cou l d  exi st  i n  an und i sturbed 
natural  setti ng , reserved for recreational  and preservati on 
pu rposes . Howeve r ,  a compa r i  son o f  a 1 1  the a 1 terna t i ves revea 1 s 
that even wi th the No Federa l Act i  on P 1  an , that type of setti ng 
( undi sturbed , natural ) i s  not rea l i st i c .  Therefore , we have 
conc l uded that there wou l d not be any a l ternative that wou l d  
qual i fy as havi ng  the potent ia l  to provide a h i gh l evel of 
recreati on .  

22-6 See response to comments 14-3 , 1 5-2 , 20-7 , and 20-9 . 

22-7 Your  suggesti on that the a l i gnment be l ocated on exi st i ng  farm 
l and resu l ts in severa l other prob l ems in add i t ion to the fact 
that over one ha l f  of the water goes for mun i c i pa l  and i ndustr ia l  
use . An a l i gnment through the  farm l and wou l d  requ i re more 
pump i ng p l ants and/or l onger d i scharge l i nes , both of wh i ch add 
con s i derab l e  cost to the project , over the proposed West  S i de 
P l a n .  As far as a savi ng i n  the construction costs due to rock  
excavati on the current a l i gnment has v i rtua l ly  no rock .  

22-8 See response to comment 19-4 . 

22-9 Formal consu l tati on w i th the FWS Endangered Spec i es Offi ce wi l l  
determi ne i f  the sel ected p l an wi l l  jeopard i ze the conti nued 
exi stence of any l i sted spec i es and wi l l  devel op reasonabl e  and 
prudent a l ternati ves to prevent a jeopardy i f  such a l ternati ves 
exi st .  I f  no reasonab l e  and prudent a l ternati ves are avai l ab l e ,  
Federal Law cou l d  prevent the acti on from occurri ng .  
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QFACIAl. fiLE COPY . dl:Bureau of Rec'am�tlon 

_ Colorado ReQlon T DeSOI  Rod and Gun U 
P.O. BOX 12921 TUCSON. ABlZONA s� FEB 1 5 1985 

Tuc s 
Febr 

( p�J:i!Beftl!t . 
t a�M-! :1:985 . 

a... I .... 
IftIIIeIa 

To 

Regional Environmental Officer 
Lower Co l or ado Region 

IS <.L 
U . S .  Bur e au of Rec l amat ion 
Box 4 2 7  
Boul der C i ty , Nevada , 8 9 0 0 5  

Dear S ir ,  

\ . 

File 

I am wr i t ing on beha l f  o f  the 3 , 5 0 0  member s of the Tuc s on Rod and Gun 
Club and the Boar d  of D i r e c to r s . 

We have rev iewed the environment a l  imp act s t atement for Pha s e  B o f  
the Tuc s on Aque duc t ( INT DES 8 4 - 6 8 ) .  Our pr imary c oncerns are the 
potent i a l  imp a c t s  on wi l d l ife , wil d l ife hab i tat , and the de s e r t  l and 
s c ape in the are a  of the s e l e c t e d  r oute . P l ants and animal s in the 
de s e r t  environme nt have pre c ar ious exi s t ance s .  I n  many ins t anc e s , 
seeming l y  minor impac t s  in a de s e r t b iome have s ignif ic ant , l ong 
term cons e quenc e s . 

We are p l e as e d  to note the mitigation me asur e s  tha t  ar e c ontaine d 
in the dr a f t  E I S  for e ach of the po s s ib l e  a c t ion al ternat ive s . I n  
part icul ar , the prop o s a l  t o  acquire 2 , 5 3 0  acre s  o f  mitiga t ion l and s 
for a wil d l ife movement corr idor and l o s t  hab i t at c ompens a t ion i s  
c omme ndab l e . 

Of the four po s s ib l e  ac t ion propo s a l s , we woul d prefer to s e e  the 
S andar io - S an Jo aquin route adop t e d , s inc e it woul d be l e a s t  d i s rup t 
ive t o  the environment , and woul d  have the sma l l e s t  imp a c t  o n  wi l d 
l ife and vege tat ion . However , we r e a l ize tha t e conomic c oncerns wil l 
undoub te d l y  be the dec id ing f a c t o r s  in the s e l e c t ion o f  an a l terna
t ive for the aquaduc t ,  and tha t the l e a s t  expens ive al ternative -
the We s t  S ide P l an - wil l l ike l y  be s e l e c ted . 

I f  that i s  the c a s e , we s trong l y  urge the inc lus ion in the proj e c t , 
of al l the propo s e d  mit igation me asur e s  out l ined in the d r a f t  E I S .  
Add it i ona l l y ,  we wou l d  l ike to sugge s t  the us e o f  bur r i e d  p ipe l ine 
in the ar e a s  whe re wi l d l ife cro s s ing s have been no ted , r a ther than 
open aquaduc ts . Tha t  would he l p  r e duc e de s truc tion o f  hab i t a t , and 
would make l e s s  o f  an imp act on w i l d l ife in the are a . 

Thank you for the oppor tunity t o  review and c omment on thi s  draft 
environmental imp a c t  s t atement . 

H-l l l  

(/R�,�)c tf�t y  y 

c-��+ 
Cha irman Leg i s l a t ive 

7 

C ommittee 

1 

2 



Responses to Comments 
Tucson Rod and Gun C l ub  

23 - 1  We have noted your  support for the Sanders-San Joaqu i n  P l an and 
you r comment i s  ava i l ab l e  for cons i deration by the 
dec i s i onmakers . 

23-2 The cost of putt i ng the cana l in p i pe not only affects the cost 
of constructi on but wou l d  have a cont i n u i ng i ncrease on the cost  
of pump i ng due to the  l osses resu l ti ng from the  p i pe .  There wi l l  
be severa l areas where the cross dra i nage wi l l  be carri ed across  
the cana l in  a fl ume , and these wi l l  be  i ncorporated in  the 
wi l d l i fe cros s i ngs . The purpose of the corridor acqu i s i ti on i s  
to i nsure the l ong-term usefu l ness of the wi l d l i fe br idges over 
the aqueduct in th i s  h i gh-u se area by preventi ng hou s i ng 
devel opment i n  th i s  v i c i n i ty .  I f  the Bureau i nvested the 
add i t i ona 1 money needed to bu ry th i s sect i on of the aquedu ct i t  
wi l l  have met i ts mit i gat ion respons i b i l i t i es for th i s  movement 
area and wou l d not purchase the corridor ( see attached management 
options  2 and 3 as defi ned by the Ar izona Game and F i sh 
Department contractor , deVos , et a l . 1984 , Draft Report ) . The 
choice of opt i on 3 i s  the l east costly opt i on that adequately 
mi t i gates for wi l d l i fe impacts i n  th i s  area accord i ng to the AGFD 
and the FWS . 

We have estimated the add i t i ona l cost of p l ac i ng the cana l i nto 
bu ried p i pel i ne for the port i on of the aqueduct wh i ch traverses 
the wi l d l i fe mi t i gat ion corri dor .  The add i ti ona l cap i ta l  cost i s  
about $3 . 8  mi l l i on , wh i ch i ncreases the total annual project cost 
by about $327 , 000 . 
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Accord i ng to the AGFD Report : 

"Wi th the p l acement of a barri er such as a canal  across  the area 
of segments 20-25 , the movement corridor wi l l  be severed . There 
a re management opti ons that cou l d  be empl oyed that wou l d 
s i gn i fi cantly mi n imi ze the adverse i mpact of an open aqueduct . 
Two of these opti ons are based on the acqu i s i t ion of a 
4 . 25-sect i on b l ock  of l and to ensure that hou s i ng devel opments or 
other d i sturbances are proh i b i ted on th i s  parce l . The 
descri pti on of th i s  l and i s  as fol l ows : 

Secti ons 10 , 1 1 , 14 , 15  RI l E  T14S . 

The fou r  management options that have been rev i ewed are l i sted i n  
the order of preference as fol l ows : 

1 .  Bury pi pel i ne through segments 2 1 , 22  and 23 . Acqu i re the 
above-referenced movement corri dor .  

2 .  Bu ry pi pel i ne through segments 2 1 , 2 2  and 2 3 .  No corri dor 
acqu i s i ti on .  

3 .  Acqu i re the movement corri dor .  Open cana l wi th cross i ngs 
and fenc i ng .  

4 .  No corri dor acqu i s i ti on .  Open canal wi th cross i ngs and 
fenc i ng .  

Of these opti ons , the fi rst three wou l d  provi de adequate 
mi t i gat ion for severi ng movement routes . The fou rth opti on wou l d  
not provi de adequate mi t i gati on for the ces sat i on of movement . 
I t  i s  probab l e  that , wi thout corridor acqu i s i t ion , the 
devel opment pattern i n  the proposed mi t i gation area wou l d ,  before 
the end of the l i fe of the project , render cros s i ngs  unacceptab l e  
to mob i l e  w i l dl i fe ,  espec i a l ly mu l e  deer . " 
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GENE LAOS OIRECTOR 

OFRCIAL RLE COPV 
u.s. Bureau of Reclamatioft 

lower Colorado ReaiOn 
RECEIVEO FEB 1 5 1985 A 

PIMA COUNTY 
PARKS & RECREATION DEPARTMENT 

1 204 WEST SILVERLAKE ROAD 

TUCSON, ARIZONA 8571 3-2799 

February 13 , 1985 

Regional Enviromnental Officer 
IDloler Colorado Region 
u. S. Bureau of Reclamation 
Box 427 
Boulder City, W 89005 

Dear Sir : 

AcIIan 
AcIoII 1iIIIIn 

0.. 1I11III 

ECREATION 
, I "A I IVI' 

flit 

We appreciate the opportunity to cament on the enviromnental iItpact 
statanent for Phase B of the Central Arizona Project (CAP) . 
Although we have serious concems along the entire CAP route, we have 
only addressed those issues that have a direct or indirect impact on 
Tucson l-tJuntain Park. 

1 .  We are very IlUlch in favor of acquiring the 4 1/4 sections 
for wildlife corridor. It is apparent that the corridor 
will eventually provide the only viable means of extensive 
wildlife IOOVanent.  

..... 
To 

: gg,-�v�' 

2 .  We are strongly opposed to having an open canal through 
the corridor. In all probability the west side align
ment will be selected� thus , the Tucson l-tJuntains will 
be landlocked on all four sides. Why should we further 1 
hinder wildlife lOOVanent by placing an open canal through 
the corridor? I think we are all in agreanent that the 
canal will severely dQ.mgrade the effectiveness of the 
wildlife corridor. Please consider having this portion 
of the project placed underground. 

3 .  We are strongly opposed to the above ground surge tank 
at the proposed Brawley Wash pmnping station. We are in 2 favor of a lew profile surge suwression system that would 
not be visible fran Tucson l-t:>untain Park. 

4 . We are requesting that all bridges , overchutes and mechanical 3 equipnent be painted in order to minimize their visual 
ilrpact. 
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5 .  We are opp:>sed to any canal alignment which might increase 
ccmnuter traffic through Tucson M:>untain Park. All roads 
wi thin Tucson M:>untain Park are designed for scenic travel 
and increased traffic is strongly opp:>sed. 

6 .  We are requesting that the limits of construction be narrowed 
between the Brawley Wash pmping plant and Section 14 of the 
wildlife corridor. We feel that tighter controls should be 
placed on the contractor in order to control excessive 
enviromnental damage. 

. 

7 .  We sUpp::>rt the proposal to continue IOOnitoring wildlife 
zoovement in relationship to wildlife crossings . 

8 .  We support the inclusion of a trail system along the project 
right-of-way. 

9 .  We �rt the proposal of Pima County Parks & Recreation 
Department managing the wildlife corridor as a part of 
Tucson M:>untain Park. 

We sincerely awreciate your professional consideration of all these 
concerns and only hope that your final decision will be based on the best 
interest of all concerned am not merely the cost of the project. 

Sincerely yours , 

gt 
xc :  Fdward M.  Hallenbeck, Project �-1anager , OOR, Arizona Projects Office 

David yetman, P:ima Coonty SUpervisor, District 5 
P:ima Coonty Parks & Recreation Catmissioners 
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GENE LAOS DIRECTOR 

PIMA COUNTY 
PARKS & RECREATION DEPARTMENT 

1 204 WEST SILVERLAKE ROAD 

TUCSON, ARIZONA 8571 3-2799 

RESOLUTION NO. 1985- 1 

RECREATION 882-2680 
ADMINISTRATION 882-2690 

WHEREAS , Pima County Parks & Recreation actively supports the 
preservation and retention of open Spaces , parklands and wildlife, and 

WHEREAS , the Tucson Aqueduct, Phase B, of the Central Arizona 
Project will pennanent1y affect the vistas, wildlife corridors and native 
vegetation, and 

WHEREAS, Pima County Parks & Recreation opposes any canal 
aligmrent which might increase camuter traffic through Tucson l-t:>untain 
Park, 

NCM, 'lBEREFORE, BE IT RESOLVED that the Pima County Parks & 
Recreation Ccmnission request the United States Bureau of Rec1anation 
carefully weigh the consequences of its proposed actions to the 
environnent of Tucson l-t:>untain Park and favorably consider placing in 
underground pipeline that portion of the project which traverses the 
corridor proposed for wildlife and plantlife in"pact mitigation so as to 
penni t the free m:>vement of wildlife across the corridor between Tucson 
l-t:>untain Park and the Papago Indian Reservation. 

AND BE IT FURl'HER RESOLVED that in planning the Brawley Wash 
pumping station serious efforts be made to hal:Ioonize the installation with 
its envirorunent and to reduce its visual in"pact in Tucson !bmtain Park. 

PASSED AND AOOPl'ED by the Pima County Parks & Recreation 
Ccmnission this I f� day of r� , 1985 . 

ATrEST: 
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24 - 1  

24-2 

24-3 

See 

See 

See 

Responses 
P ima County 

response to 

response to 

response to 

to Corrments 
Parks & Recreation Department 

comment 23-2 . 

comment 20-6 . 

comment 20-7 . 

24-4 The cana l , cros s i ngs have been coord i nated w i th the county 
h i ghway depa rtment ' s  current and futu re devel opment pl ans . There 
shou l d  be no i ncrease i n  traffic  through Tucson Mounta i n  Park due 
to the canal  construct i on . 

24-5 The area ava i l ab l e  for use by the construction contractor i s  kept 
to the mi n i mum that i s  practi ca 1 for construct ion . If the 
contractor requ i res add i t iona l area for h i s  yard and office 
s pace , approva l i s  requ i  red by the Bureau before he can use any 
area not previ ou s ly i denti f ied and approved . 
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U NITED STATES DEPARTMENT OF CO M M E RCE 
National Oceanic and Atmospheric Administration Washington. D . C .  20230 
OFFICE OF THE ADMINISTRATOR 

February 12 , 1985 

OFFICIAL FilE COPY 
U.S. Bureau of Recl?mation 

low�r Coiorado f\�gion 
RECEIVED 

A 
�iO" 
Action t.ken 

[)st. 

FEB 19 1985 

1:I':ie� 

Inlti� Tr. 

�: 

Regi onal  Di rector  
Lower Col orado Reg i on 

j.�O i  
U .S .  Bureau of Rec l amat i o n  
Box 427 
Bou l der Ci ty ,  Nevada 89005 
Attn :  Ceci l Ouel l ette 

Dear Mr . Ouel l ette : 

hi; 

Thi s i s  i n  reference to your draft envi ronmental impact statement for 
Tucson Aqueduct - Phase B Central  Ari zon a  Project . Encl osed are comments 
from the Nat i ona l  Ocean i c  and Atmospheri c Admi n i strati on . 

We hope our comments wi l l  assi st you . Thank you for gi v i n g  u s  an 
opport un i ty to revi ew the document . We wou l d  appreci ate rece i v i n g  fou r  
cop i es of the fi na l  envi ronmenta l  i mpact stat ement . 

Si ncerely , 

'/<0' �. rA-- !�.JI! ( .Z( 
, .. Joyce 14. Wood 
�., Chi ef ,  Ecol ogy and 

Conservati on D i vi si on 

Encl osure 

DC : 1 g 
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TO : 

FROM:  

SUBJECT : 

I UN ITED STATES DEPARTMENT OF COMMERCE 

National Oceanic and Atmospheric Administration 
Environmental Research Laboratories � _ . 325 Broadway � CI 
Boulder.  Colorado BD3D3 cJ- 12"6; 

Feb rua ry 1 ,  1985 

P P2 - J oyce Wood . .  // I r/ � L___ (Y"l--! l.-�u-7 
R/E l - Roy Ove rs treet 1 . 

Comments on DE IS  8412 .06 - Tucson Aq ueduct 

r::rl6 
R/E l : RO 

j;G. t. - 1"2--

The two p l a ns mos t l i ke ly  to be ca rri ed out , assumi ng Fede ral s ubs idy ,  
a re the  West S i de P l a n  (the  agency-recommended p l a n ) a nd the  Sa ndar i o-San 
J oaq ui n P l a n  ( the mos t  envi ronmental ly  sens i t i ve p l a n ) .  T he fo rmer p l a n  cou l d  
cost about 18% l es s  to bu i l d  a nd about 1 5% l es s  to ope rate o n  an  an nual bas i s 
t han t he l atter .  The tot al e nv i ronmental d i stu rba nce i s  cons ide rab ly  l es s  
wi th  t he  Sandar io-San Joaqu i n P l an (SSJ P )  because i t  woul d h ave twice as much 
p ipel i ne a nd hal f as much ove rl a nd ca nal structu ri ng as the Wes t  S i de P l a n  
( WSP ) .  T h e  SSJP wi l l affect far fewer acres than  WSP a nd hence woul d h ave 
fewer i mpact s on hab i tat and I nd i an cu ltu ral s i tes . T he re i s  a th i rd 
a l ternat i ve .  I n  t he absence of fede ral fundi ng , the  water project woul d be  
about one-th i rd the s i ze and wou l d  be  conf i ned to t he T ucson Metropo l i tan 
Area , whose popu l at ion th i s  wate r  project woul d benefi t .  The capi tal  costs 
for t hese three al ternati ves ( i nc l udi ng no fede ral act i o n  ( NFA) a re $347M fo r 
WSP , $42 2M fo r SSJP a nd $191M for NFA ) .  

Rega rd le s s  of what al t ernat ive i s  fi nal ly  ap proved , some destruct ion  of 
wi l d l i fe a nd fl ori st i c  h abi tat a nd l os s  of cu l tural  s i t es ( Hohokam I ndi a n  
ru i ns )  wi l l  occur .  Howeve r ,  t he Tucson metropo l i tan a rea ca nnot cont i nue to 
extract ground wate r  i ndefi n i te ly .  I n  fact , conti nued groundwate r pumpi ng i s  
l i kel y to res u l t  i n  se ri ou s  envi ronment al problems wi t h i n  10 years , wi th  
l a rge-scal e l a nd s u bs i dence and greatly i ncreased pumpi ng costs an  al most 
cen a i n  outc orne . 

I f  you have q uestions regardi ng t hese comment s ,  p l e ase contact Dr.!-H.P,nry _ 
Di az ( FTS : 320-6649 ) .  

cc :  
R/E21 - H .  D i az 
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TO: PP2 - Joyce M .  

FROM : 

SUBJECT � DE I S  8412. 0  

UNITED STATES DEPARTMENT OF COM MERCE 
National Oceanic and Atmospheric Administration 
N A T I ONA L OCEAN S E R V I C E  
W a s h i n gton, D .C .  20230 

February 4, 1 985 

- Phase B Centra l  Ari zona Project 

The subject OE IS  has been rev i ewed wi th i n  the areas of the Nationa l  
Ocean Serv i ce ' s ( NOS ) respons i bi l i ty and experti se , and i n  terms o f  the 
impact of the propose� acti on on NOS act i v i ties  and projects . 

Geodetic control survey monuments may be located i n  the proposed 
project area . I f  there i s  any planned act i v i ty wh i ch wi l l  di sturb or 
destroy these monuments , NOS requi res  not l es s  than 90 days not i f i cation i n  
advance of such act i v i ty i n  order to pl an for the i r  rel ocation . NOS 1 recommends that fundi ng for th i s  project i nc l udes the cost of any rel ocat i on 
requ i red for NOS monuments . For further i nformati on about these monuments , 
p l ease contact Mr.  John Spencer , Ch ief ,  Nati onal Geodeti c  I nformation Branch 
( N/CG17 ) , or Mr. Charl es Novak , Chi ef , Network Mai ntenance Secti on ( N /CG162 ) , 
at 6001 Executi ve Boul evard , Rockv i l l e ,  Maryl and 20852 . 
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Responses to Comments 
U . S .  Department of Commerce 

National Ocean i c  and Atmos pheric  Admi n i stration 

25-1 There are no known geodeti c  control poi nts wi th i n  the area of 
constructi on .  However ,  i f  any are d i scovered , rel ocat ion of 
those poi nts wi l l  be coord i nated wi th the Department of Commerce . 
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26 
THE LEAGUE OF WOMEN VOTERS 

4560 E. BROADWAY, TUCSON, ARIZONA 
���������� 

STATEN ENT ON THE DRAFT EN VI RON M EN TA L  I MPA CT 

TU CSON AQUEDUCT - PHASE B F EBRUARY 3�"1���8""5-----"::ti:)�. ,.." 
Inlli51 Tc 

The Leaga e o f  Wo m e n  Vo t A r s  o f  Tu c so n  w o u ld l ik 
t he Bureau o f  R e c la�a t i on o n  i t s  e f f o r t s  to ed '-����:������� 
i nvo lve t h e  publ i c  i n  the planni ng o f  t h e  Tu c s  
Pha s e  B .  The many ra�i f i ca t i o n s  o f  s u c h  a l ar l-��������----� 
d ev e lo p m e n t  pro j e c t  ha s evok ed mu c h  comm e n t  f �  To 
The Leagu e  be l i e v e s t ha t  ci t i z en parti c i pa t i o n "m��������----� 
i n to the p lanni n g  p ro c e s s  to guarant e e  re spo ns ������MB��--� 
d e c i s i o n s  and we ho p e  t ha t  t he Bureau w i l l  g i v e  co n s i d era t i o r  
to t he s e  c o n c e rn s . 

The e f f e c t s  o f  t h e  aqu edu c t  o n  t h e  e nvi ronm e n t  duri ng and 
fo l lowing co n s t ru c ti o n are o f  spe c i a l  c o n c e rn . I t  i s  o u r  
po s i t i on t ha t  a n y  d ev e lo p m e n t  pro j e c t  t ha t  m i ght cau s e  
i rr e v e r s i b l e  dama ge to f ragi l e  and hi s to ri c land s be care f u l ly 
r e gu lated . M ea sure s s hould be tak en to pro t e c t  s i gn i f i can t 
wi l�l i f e habi ta t s  and un i que s ceni c area s . Ther e f o re w e  
suppo rt the b i o l o gi cal m i ti ga t i o n  mea sur e s  pro po s ed i n  t he 
d ra f t  Envi ro nmenta l Impact S ta t em ent tha t  would provi d e  f o r  
w i l d l i f e  barri e r s , bri d ge s ,  wa t e r  ca t c hmen t s , r e v e ge t a t i o n , 
e t c . We a l so con cur w i t h  the r e c o mmenda t i on s  subm i t t e d  by 
t he U . S .  Fi s h  & Wi ld l i f e  S e rVi c e , ( page 41 , EI S )  and ho p e  
t hat tho s e  i d ea s a s  w e l l  a s  �ny fu ture coun s e l  w i l l  be 
u t i l i z ed f r o m  bo t h  t h e  FW S and t h e  Ar i z o na Gam e  & Fi s h  
Department dur i n g  co n s t ru c t i o n  o f  t h e  aquedu c t . 

The s c en i c qual i ty o f  t h e  con s truc t i o n  area surround i n g  
t h e  aqu edu c t  w i l l  be unavo i dably a l t e r ed . S p e c i a l  
con s i d e ra t i o n  and m i t i ga t i o n  e f fo r t s  s hould b e  mad e i n  
t h e  area s o f  hi gh vi sual s en s i ti vi ty tha t  a r e  i d en t i f i ed 
i n  the EI S :  Ari z o na - Sonoran De s e r t  Mu s eum , Saguaro Na t i o na l  
Mo nument , and Tu c son Mountai n Park . I n  add i t i o n  to s c r e eni ng 
t he canal w i th v e geta t i on and eart hen d i k e s , u s e  o f  ear t h
co l o red f en c i ng and concre t e  should be c o n s i d e r ed i n  t h e s e  
s en s i ti ve area s .  S o m e  pro vi s i o n s  fo r s creeni n g  t h e  Braw l ey 
Pump ing P lant surg e tank and the o n e  a t  Sand ari o f ro m  
Saguaro Na t i o na l  Monum e n t  s ho u ld a l so b e  i n corpora t ed i n to 
the reve g e t a t i o n  p l a n . 

Thank you f o r  y o u r  co n S i d e ra t i o n  o f  our concern s . 

sub:n i t t ed by 

�� � JLA� 
Mari e Ly nn dunk e n  

Na tura l Re sour c e s  Co o rd i na tor 
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Responses to Comments 
The League of Women Voters of Tucson 

26-1 We have noted you r  support of the b i o l og i cal  m i t i gat ion measures 
and the recommendati ons submi tted by the U . S .  F i s h  and Wi l d l i fe 
Serv i ce .  

26-2 W i th the excepti on of col ori ng the concrete of the canal  pr i sm ,  
we are commi tted to impl ement your recommended measures . For 
further descri pti on of these and other v i s ua l  mi t i gati on 
measures , see the response to Comments 14-3 ,  15 -2 ,  and 20-7 .  
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TUCSON UNIFIED SCHOOL DISTRIC .. OFFICIAL RLE COPY 

U.S. Bureau of Reclamation 
P.O. lOX 40400 Lower Colorad" Reaion 

1010 EAST TENTH STREET 
TUCSON, ARIZONA 85717-(1400 

RECBVeD 
A FEB 19 1985 

February 13 , 198 5  

Regional Environmental Officer 
Lower Colorado Regi on 
u .  S .  Bureau of Reclamation 
P. O .  Box 427 
Boulder City , NV 89005 

Subject: Draft EIS 
TUcson Aqueduct Phase B 

Dear Sir: 

MIon 
AclIOII 1iIIIIn 

0. ...... 

PIt 

The Tucson Unified School District has at least three school 
sites whi ch may be impacted by proposed routes of the TUcson 
Aqueduct Phase B ( see enclosure ) .  Although future use of these 
sites is not yet programmed , rapid population growth in the 
neighboring areas necessitates that sites be available for 
construction of new schools . 

Should any sites be located either in the aqueduct right -of 
way or rendered unusable for school sites by construction of the 
aqueduct , the district would expect that nearby sites would be 
made available in exchange for the current sites , which are located 
on federal land . 

VBF :is 

Enclosure 

cc: David Johnson 
Tucson Water 

Sincerely , 

Valerie B .  Feuer 
School District Planner 
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Responses to Comments 
Tucson Un i fi ed School D i stri ct 

27-1 S i nce the s i tes are on ly  proposed pre l imi nary l ocat i ons , 
substant i a l ly  i n  advance of actua l demonstrated need , there 
shou l d  not be any comp l i cati on i n  i denti fy i ng new s i te l ocati ons . 
I n  the event the f ina l  l ocat ion of the aqueduct a l i nement or 
r ight-of-way necessary for i t ,  i nc l udes l ands owned or l eased by 
the school d i stri ct , i nves t i gation of the D i s trict 1 s  i nterests 
wou l d  be exami ned and a determi nati on made regard i ng actual 
acqu i s i ti on procedures that are app l i cabl e .  
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OFFICIAL ALE COPY 
U.S. Bureau of Reclo1iation lower Colomd� ;;oaioli 

RECEIVED 
PIMA COUNTY 

A FEB 19 1985 
WASTEWATER MANAGEMENT DEPARTMENT 

1 31 WEST CONGRESS 

GEORG E  A. BRINSKO 

D irector 

U . S .  Bureau of Reclamation 
Lower Colorado Region 
P . O .  Box 427 
Boulder City , Hevada 89005 

TUCSON. ARIZONA 85701 

14 February 19 

ActIon 
AeIIcHI _en 

a... Inm.l PH: 

... 

ATTH: Regional Environmental Officer 

RE : Draft Environmental Impact statement 
Tucson Aqueduct - Phase B 
Central Arizona Proj ect 

Gentlemen: 

Thank you for the opportunity to review the above referenced draft Statement . 

Inlta 
792-fW6 

ISO 

I t  i s  well prepared and presented . However , I must say that I was quite 1 
concerned when I discovered that the "impact .. of the Aqueduct on the area' s  
public sanitary sewerage system was not mentioned at a l l !  

All the public sanitary sewerage facilities , in the area through which Phase B 
of the Tucson Aqueduct will pass , are owned and operated by Pima County 
Wastewater Kanagement . It is the goal of this Agency to operate the public 
system in a safe , cost-effective and environmentally sound manner . The 
installation of a facility such as the Aqueduct ( either as a open conduit or 
as a closed conduit) through the public sewerage system' s service area 
can/will have a maj or impact on the system ( operationally and physically) . 
Also , being a mainly "gravity" type system, the public sewage conveyance 
facilities are more l imited in how they can be "re-located" in order to 
accomodate a facility as large and (deep) as the Aqueduct . 

Hence , I feel it is appropriate and necessary , that this Environmental Impact 
Statement address both the impact that the Aqueduct will have on existing 
public sewage facilities , and also the impact that the CAP will have on the 
"provision" of sanitary sewerage service to as-yet unsewered areas - through 
which the canal/pipe will pass . Once those "impacts" are included , then the 
Statement will have more c losely addressed all the impacts of the proposed 
Tucson Aqueduct on the "environment" . 
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Bureau of Reclamation 
14 February 1985 
Page 2 

I will be coordinating with Don Anderson , the Construction Engineer for Phase 
B ,  regarding the physical relocation of any public sanitary sewerage 
facilities found to be in conflict with the Aqueduct and , the installation of 
sewer stubs through or under the Aqueduct at certain designated locations . 

Your attention to this Agency ' s  concerns is appreciated . If further questions 
arise , please feel free to contact me at ( 602 ) 7 92-86 76 . 

Q �,�.).��"-, � � Schladweiler , P . E .  
Chief Engineer 

J'CS : lr 

xc : George A .  Brinsko 
Tom McLean , Tucson Water 
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Responses to Comments 
P ima County Wastewater Management Department 

28-1 For those fac i l i ti es a l ready i n  p l ace rel ocati ons wi l l  be 
i nc l uded i n  the constructi on costs wi th the owner  e i ther doi ng 
the work or contracti ng i t  out .  I n  e i ther case the Government 
wi l l  cover the cost pursuant to a cross i ng  agreement between the 
Government and the County .  Where future cross i ngs are p l anned we 
wi l l  coord i nate the l ocat ion and p l acement of stubs e i ther before 
or duri ng  the constructi on of the canal . The cost of th i s  work 
wou l d  be to the county .  Al so , i f  other cross i ngs are requ i red i n  
the future they can be handl ed wi th a cros s i ng agreement between 
the county and the Government .  

H-131  
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UN ITED STATES 

DEPARTMENT OF THE INTERIOR 
FISH AND WILDLIFE SERVICE 

(l�
Lt.:';.  L' 

It:· <� .. 
Ftr:�::;, {·\Ji·� 

� 

< 1 
.. · . 4'_·: �.:. � 

i985 
Eco l og i ca l  Serv i ces 

2934 W. Fa i rmoun t  Avenue 
Phoen i x ,  A r i zona 85 0 1 7 

,."'t., .. ·. _ ____ . _  .. ..... . .  _-

Febr uary 1 4 ,  1 98 5  

Memorandum 

Tb :  Director , Lower Colorado River Reg ion , Bureau of 
Boulder City , Nevada 

..t.c-· � "" 
From : Fl�'r� Supervisor , FWS , Ecolog ical Service s ,  Phoen ix , Ar izona 

Subj ect : Comments on Draft Environmental Statement for Central Ar izona 
Proj ect - Tucson Aqueduct Phase B 

We have reviewed the subj ect document and offer the following comments for 
your cons ider at ion . 

e General Comments 

OVer all , the document adequately addresses the major bio1og ica1 concerns and 
discusses the appropr iate mit igat ion measures . However ,  we would like to 
suggest a change in the organizat ion of some informat ion . Espec ially section 
3 ,  "Affected Environment and Environmental Con sequences , "  spec if ically 
start ing on page 34 at "Construction Impact Analys is . "  

The d iscuss ion on pages 3 4  through 37 combines d iscussion o f  wildl ife 
mit igat ion features developed under the Fish and W ildl ife Coord inat ion Act 
( FWCA) and the Nat ional Environmental Policy Act (NEPA) with possible and 1 speculat ive conservat ion measures and reasonable and prudent alternat ives that 

may be developed as part of a Sect ion 7 consultation for plant species that 
are not · yet listed . We bel ieve these issues should be addressed in separate 
sect ions of th is document .  

Both the FWCA and NEPA require federal agenc ies to determine the environmental 
effects of a proposed proj ect and to develop mit igat ion measures to deal with 
these impact s .  However ,  the ESA does not call for mitigat ion . It 
spec if ically mandates that federal agenc ies shall conserve endangered and 
threatened spec ies .  I n  th is respect , conservat ion is not mitig at ion and 
agenc ies should not use the concept of mit igat ion when deal ing with endangered 
species issue s .  
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We suggest that the document be revised as follows . The impact analysis 
should be divided into 2 separate sections . One would deal exclusively with 
impacts and proposed mit igat ion measures for wildl ife spec ies developed under 
NEPA and the FWCA . Th is sect ion could deal with the impacts to · spec ial 
status- spec ies like the desert tortoise , kit fox , and Harr is ' hawk and 
address any spec ific mit igat ion measures des igned for them . 

The second sect ion should deal exclus ively with d iscussions of the effects on 
proposed , threatened , or endangered species and , if the Bureau wishes , any 
candidate spec ies to the l ist that may soon be proposed for l isting as 
threatened and endangered . Discuss ions of proj ect related impacts and some 
possible conservation measures would be appropr iate here . 

The mit igation discussion on pages 38-42 also should be addressed in a s imilar 
manner to more clearly separate mit igat ion measures from conservat ion 
measures . e are extreme y concerne a u s a emen s ma e 
paragrap on page 38 . You state that ---if formal consultat ion with-- will be 
reanalyzed and potent ially revised in l ight of proj ect cost ceiling s .  - You 
further state that -th is may require a trade-off--less funds may be available 
for acqu is ition of a wildl ife movement cor r idor and Thornber ' s  f ishhook cactus 
habitat . -

We bel ieve these two statements are arbitrary , premature , speculat ive , 
probably unwarranted , and actually threaten to undermine the spi r it and intent 
of our interagency attempt to provide equal considerat ion for fish and 
wildlife resources with the proposed land acquisit ion . We suggest that these 
statements be deleted . 

Our concerns are ampl if ied by the use of the term -maximum mit igat ion 
expend iture· in the DEIS . How does the Bureau j ustify sett ing a l imit on 
mit igation expenditures at th is time? There are some mit igat ion measures and 
conservation measures , for example the k it fox mon itor ing study, that will not 
provide data on impacts or necessary measures for several year s .  We are 
concerned that if T .  macdougal ii and Mammillar ia thornber i become l isted and 
conservat ion measures or reasonable and prudent alternat ives are developed 
dur ing Sect ion 7 consultat ion , there would be no money to implement these 
measures . The DEIS calls for post-construct ion mon itor ing (Phase 2) and 
addit ional mit igat ion . With pre-set funding l imits , these measures could not 
be implemented . We also suggest that expenditures for wildlife mit igat ion be 
separated from possible expend itures that may be requ ired for endangered or 
special status species . The wildl ife movement cor r idor , for example , is 
pr imar i ly a wildlife mit igation feature and should be addressed as such . 
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The Bureau has already spent $ 280 , 0 0 0  on wildl ife studies and $ 50 ,000 on 
special plant surveys in the proj ect area , mak ing an honest and excellent 
effort to ident ify the effects of th is project upon the wildl ife and plant s of 
the proj ect area . Th is represents a remar kable commitment by the Bureau to 
provide the informat ion to develop an integr ated mitigat ion plan and ident ify 
some poss ible conservat ion measures . The mit igation plan that was developed 
has the support of both AGFD and the Service , as well as local suppor t from 
such groups as SAWARA ( Southern Ar i zona Water Assoc iation) . The keystone of 
th is mit igat ion plan is the acqu is it ion of the 4 . 25 square mile movement 
cor r idor between the Tucson �untains and the Papago Indian Reservat ion . 
without the acquisit ion of th is cor r idor , we bel ieve the mit igat ion plan is 
grossly inadequate and would not come close to adequately address ing wildl ife 
impacts . Residual wildl ife impacts would be very high due to loss of habitat , 
sever ance of movement cor r idor s and gene pool isolation w ithout the 
acqui s it ion of the migrat ion corr idor . 

I t  is the responsibility of the Service , under NEPA, to comment upon the 
adequacy of an EI S and the agency commitments therein .  After all the positive 
effor ts made to see that an adequate mit igat ion plan was developed for th is 4 proj ect , it is disappoint ing to see d iscussions aimed at l imit ing or 
el iminat ing necessary features of that plan in the DEI S . Without acquisit ion 
of the wildl ife movement cor r idor , our support for construction of the West 
S ide Plan cannot be counted on . 

We are also concerned about the choice of the two pipeline alternat ives 
presented in the DEIS . We are on record as being in support of pipelines 
instead of canals because wildl ife disturbances and long term impacts 5 
assoc iated with pipelines are u sually less severe. In fact , our FWCA report 
on th is project stated tht the Sandar io-San Joaquin Plan was our prefer red 
alternat ive . 

At that t ime (March 1 98 4 ) , the Sandar io and Sandar io-San Joaquin Plans were 
envis ioned by the Bureau as going down the centerl ine of Sandar io Road through 
the Saquaro National Monument .  Documents from the Bureau est imat ing r ight of 
way d isturbed acres for all reaches of the plans ind icated a disturbance of 0 
acres for the reach along Sandar io Road through the Monument . It was stated 
in a footnote to those documents that the -Est imated width of ' 0 ' is with in 
road width . - Bureau personnel were spec ifically quer ied on th is point and we 
were told that the figures were correct , that no addit ional acres of the 
Monument would be disturbed . Since under those cond itions , impacts to the 
Monument would be minimal , we felt that Congressional approval for the right 
of way could be obtained and that these two plans could be considered viable 
alternat ives and should be considered . 

However , on page 1 2  of the DEIS , it states that the Sandar io Road pipel ine is 
adj acent to Sandar io Road . Th is impl ies that new acres will be d i sturbed in a 
new r ight of way . Port ions of the r ight of way would cross the Monument and 
result in the destruction of a s ignificant acreage of saguaros . 
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Th i s  amount of long term disturbance to a Nat ional Monument and a wilderness 
area is clear ly unacceptable to the National Park Service and could be 
unacceptable to the publ ic . Given this new informat ion , it may be much less 
l ikely that Congress would g ive the necessary approval for the r ight of way, 
thus these two pipel ine alternat ives may not be viable or reasonably 
pract ical . 

From a str ict wildl ife standpoint , the Sandar io-San Joaqu in Plan is probably 
st ill the best plan . But we are concerned that th is plan and the Sandar io are 
not reasonable alternat ives because of the inst itut ional const raints placed 
upon them . For that reason , we quest ion the Bureau ' s  choice of these two 
pipeline s ,  with the s ame inst itutional problem, as viable alternatives to the 
proposed act ion . 

In our October 1 9 8 2  Planning Aid Letter on th is project , we addressed a Bureau 
alternat ive des ignated B-2 . Th is was a pipeline extending f rom Avr a Valley 
Road south along Sander s  Road to Manville Road . Th is pipeline did not cross 
the Saquaro National Monument , thus required no spec ial Congressional 
author izat ion to permit construction . This pipeline would add ress the 
concerns of Avr a Valley residents as well as have lower wildl ife imPjcts than 
the preferred West S ide Plan . 

The DEIS addresses an alternat ive down Sander s  Pipeline , however it is an open 
canal . Why was the Sanders pipeline not addressed in place of one or both of 
the pipel ines cross ing the monument? Why was a canal add ressed instead of a 
pipel ine? 

Spec i fic COmments 

SUMMARY 

page 3 ,  Table 2 .  In footnote 4 ,  it states that a 1 0 0 year proj ect l ife was 
used . In other sections of the document , it states there 
is a 50 year project l ife. Which is correct? The term 
maximum mit igat ion expenditure is inappropri ate and should 
be changed . 

page 4-5 , No Action Alternat ive . It should state here who would receive the 
non-del ivered allotments since the same amount of water as 
with federal involvement would be del ive red . 

page 7 ,  Table 3 .  There is no information under the No Act ion Alternative 
from the topic of Water Resources onward .  Is th is 
intent ional? 

page 9 ,  Special Status Spec ies . The sentence d iscuss ing proposed and 

page 1 2 .  

candidate plants is unclear . 

Visual Resources .  
not c anals 
d iscus s ion . 

This sect ion descr ibes impacts of pipel ines but 
to visual resources .  Please add to the 
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page 1 3 .  Lands .  
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It states that all lands necessary for Oper at ion and Maint
enance , constr uct ion and m it ig at ion would be acqu ired in 
fee title unless lesser interest would benef it the Govern
ment . What would be considered a benef it in the case? 

1 2  

page 1A . Geology. Would the canal be moved if tests show a h igh probabil ity 
of earth f issures forming along the route? Or will 13 
structur al modif icat ions be made? Wh at degree of possible 
f issur ing would requ ire movement of the al ignment? 

PURPOSE AND NEED 

page 1 .  Int roduct ion . In the last paragraph , other CAP related features are 
mentioned , Buttes Dam , Hooker Dam , Upper Gila and Ind ian 14 Distr ibut ion . S ince Non-Indian D istr ibut ion user s are 
mentioned in th is document , it might be appropr iate to add 
them her e .  

page 3 .  Figure 2 .  Why are there 2 number s  ( 1  and 1 6 )  for the Cortaro-Marana 
Irr igat ion Distr ict? Could the same number be used? The 
number s represent ing the Indian communit ies are misplaced 
( 1 9 ,  20 , 2 1 ) and there is no 2 2  on the key . Number 1 7  
(Avna Valley Irr igat ion Distr ict ) may also misplaced . 

� Please check th is map for other poss ible error s • 

15 

. ------------------------------------------

ALTERNATIVES 

All figures showing al ignments . Wildl ife cross ings that are actually road 
br idges should be mar ked as Road Br idge (Wildl ife Cross ing ) 
instead of Wildl ife Cross ing (Br idge) to fully indicate 
that these are multiple use structures , not structures for 
the exclus ive benefit of wildlif e .  

Figure 1 1 . Th e  3 photographs between Figure 1 1  and page 8 should be c ited as 
figures and ment ioned in the text . 

page 1 2 .  Sandar io Plan . Or iginal project plans called for th is plan to go 
down the center line of Sandar io Road . Present plans call 
for the pipe l ine to be adj acent to the road . Informat ion 
on acres of vegetation d i sturbed provided in the COOrd ina
t ion Act Repor t was based on th is or ig inal informat ion . 
Have your acreage f igures been updated to reflect th is 
change in project plan? 
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Sandar iO-San Joaquin Plan . Does the pipeline run adj acent to the 
road on th is alternat ive also? There is no mention of the 
Avr a  Valley I r r igat ion Distr ict delivery l ines shown on 
Figure 1 3 .  Are these lines part of the proposed action? 

page 1 5 .  East Side Plan . The del ivery point for Schuk Toak on Tucson water 
are ment ioned in the text and shown on Figure 24 a .  
However ,  ne ither feature i s  shown on Figure 27 . Why are 
these features omitted? 

� F igure 29b . Move th is figure to beh i nd page 1 6  and renumber it since it has 
no relation to f igure 29 . 

� 1 page 25 , Table 1 7 .  There shou� be footnotes on th is table or a reference to 
where the footnotes may be found . 

�� 
�3 

�5 

. m==::= ---

page 23 . Footnotes for Table 1 5 .  There should be a heading designat ing which 
table these refer to . 

page 20 . El iminated plans . Why was Sander s  Road not evaluated as a pipel ine 
( see expanded comments under general comments ) ?  Why were 
animal drown ings reduced over the West Side Plan? 

Figures 1 3 , 1 4 . Since the Sandar io-San Joaquin al ignment does not include a _ 
wildl ife movement cor r idor in the proposed mit igat ion , the � 
corr idor should not be shown on the proj ect maps . 

AFFECTED ENVIRONMENT 

page 27 , paragraph 3 .  The sentence on r ainfall occurr ing twice a year is 
slightly mislead ing and should be changed to two rainfall 
per iods per year . 

page 28 , paragraph 2 .  We would l ike to suggest a rewording of the sentence 
• • • •  the FWS intends to propose Tumamoca macdouga1 i i  as a 
Federally endangered spec ies th is year • • •  • to • • • •  the FWS 
has prepared a list ing package for Tumamoca macdouga1 i i  and 
th is plant may be proposed as a Federally endangered 
spec ies in the near future • • •  • 

page 2 9 , par agraph 3 .  It might be appropriate to remove ment ion of the 
saquaro ( Carnegia g igantea) f rom the l ist of cacti in 
parenthesis since it is discussed independent ly in the 
following sentence . 
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page 32 . sections 3 and 4 .  It might be appropr iate to better descr ibe the 
vegetation associations mentioned in these sect ions either �� 
here or on page 29 under Creosote-Bursage on Palo Verde-
Mixed Cact i .  

page 33 . Spec ial Status Spec ies ,  paragraph 2 .  Please spec ify which l isted �7 
endangered spec ies were addressed . � 

page 36 , paragraph 4 .  Please change the last sentence that deals with 
Tumamoca macdougalii to reflect informaion g iven in comment 
for page 28 , paragraph 2 .  

page 37 , paragraph 2 .  This paragraph is redundant of paragraph A . (a) on page 
27 and could be el iminated . 

page 37 , paragraph 4 .  As d iscussed earlier , it is inappropr iate to d iscuss 
mit igat ion for Endangered Spec ies . It may be appropriate 
to state that her e ,  or separate out the d iscussion of 
Mammillar ia thornber i .  

page 38 , paragraph 1 .  Please change or el iminate th is paragraph in light of 
informat ion d iscussed under general comments . 

page 39 , paragraph 3 .  Last sentence . Perhaps the sentence could read 
• • • •  Th is land should (or will be )  turned over for 
management • • •  • instead of ·must be · ?  

page 4 2 , item 7 .  Th is ph rase is the result of a misuse of the word mitig ate 
in our FWCA repor t .  Since you cannot mit igate for 
endangered species , the sentence referr ing to the migration 
corr idor be ing mit igation for M. thornber i  should be 
removed . It may be stated that acqu i s it ion would preserve 
27 , 00 0  �. thornber i .  

page 5 0 , paragraph 5 .  When will the dikes that will protect the canal be 
built? 

page 56 . Table 1 9 .  The head ing ·probability of Annual Diversion in , of years ·  �9 
is unclear and requires an explanat ion relat ive to the � 
f igures in the table . 

Figures 36-37 . A key to the color s and symbols underneath might be 
useful . The pale tan features are d i ff icult to read 
through the colored overlay .  

page 74 . Table 28 . Where i s  the 1 � 5 miles o f  Class A scenic area found along 
the East S ide Al ignment? Th is should be addressed in the 
impact statements on page 7 4 . 
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page 76-77 . Table 29 . Should indicate in the table that the west side 
pipel ines do cross the Saquaro Nat ional Monument 
( a  class 1 ,  B) habitat area as per your figure 37 . 

page 8 5 . paragraph 6 .  There is an incons istency in the date of ir r igat ion 
well development in the Avra Valley . It cannot be 
both 1 9 73 and the end of WOrld War I I . 

34 Figure 43 . Some sor t of a legend is needed for th is figure . 

3� page 88-89 . What percent of agg regate will be available from commer
cial sources and how much will require new s ite sources? 
Are the bor row areas proposed for the East S ide Plan new 
or exist ing areas along the Santa Cr uz River? 

36 page 95 . paragraph 2 .  Was the Class I I  cultural resources survey o f  3 9 2  
square miles conce�trated on the West S ide All ignment? 

3Jr page 99 . Table 37 . Since the acreage of these detent ion basins is obviously 
known , they should be del ineated on proj ect maps and 
impacts to other than cultural resources more carefully 
addressed . 

38 page 1 0 1 . 

39 page 1 0 2 .  

40 page 1 06 .  

APPENDICES 

Recreat ion . It should be noted that the development of 
recreat ion sites near cross ing br idges would only be Cbne 
in such a way that these wildl ife mit igat ion structures 
are not compromised . 

What is Route 5? Change to East S ide Plan . 

Nat ional Par k Service . As per previous discussion , why wer e  the 
only 2 p ipel ine alternat ives on the West S ide d iscussed in 
th is document clearly inst itut ionally unacceptable? 
Just ify the el imination of other , acceptable pipel ine 
cor r idor s .  

41 B-2 . paragraph 3 .  Why was Sander s  Road dropped? 
considered here? 

Why was a pipel ine not 
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E-1 . paragraph 4 .  Please note that the preferred conservation measure for 
both M .  thornber i and T .  macdougal ii is avoidance of. 
individuals and populations by relocation of the aqueduct . 
These suggestions were provided to the Bureau at their 
request and represent measures that may be considered , 
along with other s ,  dur ing Sect ion 7 consultation and 
should not be considered to be the off ic ial word from 
the Service on th is issue . 

We apprec iate the opportunity to provide comments on th is document at th is 
t ime . I f  we may be of further ass istance , please contact our off ice at 
F'l'S 26 1 -2493 . 

cc : Director , Ar izona Game and Fish Department , Phoenix,  Ar izona 
Director , Fish and Wildlife Service , Wash ington , D .C .  (FWS/EC) 
Reg ional Director , Fish and Wildl ife Service , Albuquerque , NM (AHR) 
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Responses to Comments 
U . S .  F i s h  and Wi l d l i fe Serv i ce 

29-1 We have cl ari f ied the d i st i nct i on between mi t i gat ion for state 
l i sted s pec i es and potent i a l  conservati on measures for candi date 
or proposed federa l l y  l i sted s pec i es throughout the fi nal  E I S .  
The format o f  the fi nal E I S  fo l l ows that o f  the FWS Coordi nat i on 
Report i n  d i scu s s i ng a l l s pec i a l status spec i es ( both state and 
federa l ) under one head i n g .  

29-2 We concu r .  Those statements have been del eted from the f i na l  E I S  
( FE I S ) • 

29-3 

29-4 

29-5 

29-6 

29-7 

29-8 

29-9 

29-10 

29-1 1  

29-12  

2 9-13 

The terms "max imum m i t i gation expend i ture"  have been de l eted and 
repl aced w i th "estimated m i t i gati on expend i tu re" . 

See response to comment 29-2 .  

The statement has been corrected to read "Th i s  p i pel i ne 
wou l d  be down Sandari o Road through the Saguaro Nationa l Monument 
and adjacent to the road i n  a l l other areas . "  

See response to comment 9 -1 .  

The 100 year project l i fe referred to i n  Tabl e 2 rel ates to the 
1 i fe of structu ra l measures and benefi ts . The 50 year project 
l i fe referred to i n  other  secti ons  rel ates to the repayment 
per iod of the project .  The term "max imum" has been del eted and 
repl aced wi th "estimated" . 

C l ari f icat ion of the "No Federa l Act i on P l an"  states , " CAP water 
that had been i dent i f i ed for al l ocat ion to Green Va l l ey and the 
Santa Cruz County users i s  assumed to be rea l l ocated to users i n  
the Tucson area" . It  i s  not known o r  assumed who these s pec i f i  c 
users wou l d  be . 

Th i s  tab l e  has been corrected to i ncl ude i nformation  for a l l 
top i cs .  

The sentence has been reworded for cl ari ty .  

Add i t i onal  i nformation  has been added to the f ina l  E I S  to address 
th i s  corrrnent .  

Transmi s s i on l i nes , access roads , and  bur ied p i pe l i nes  u sua l ly  
on ly  requ i re a permanent easement wh i ch i s  l ess  costly to 
acqu i re o In agri cul tural  areas th i s wau l  d a l l ow cont i nued 
farm i ng wi th i n  the p i pel i ne and transmi s s i on l i ne easements . 

Upon compl eti on of the report "Subs i dence and Earth Fi s s ure 
Predi  cti ons for Phase B of Tucson Aqueduct" ,  i t  was determi ned 
that currently no exi sti ng  f i s sures  have crossed the proposed 
al i nements and the c l osest record of one i s  about  3 ,000 feet 
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29-14 

29-15 

29-16  

29-1 7  

29-18 

29-19  

29-20 

29-2 1  

29-22 

29-23 

29-24 

29-25 

29-26 

northeast of stati on 400+00 on Reach 5 .  On ly  three areas have been 
i denti f i ed ,  al ong approx i mately 35 mi l es of al i nement , that are 
su scepti bl e to pos s i b l e  future earth f i s suri ng . These three areas 
combi ned , account for l es s  than a conservati ve 7 percent of the 
enti re a l i nement .  These areas were defi ned by l oca l abrupt changes 
in the subsurface bedroc k .  Stud ies  show that no areas wi l l  be 
subjected to a h i gh probab i l i ty of earth fi s sures . Futu re 
groundwater pump i ng wi l l  decrease when surface water del i veries  
beg i n ;  thereby redu c i ng the format ion of  future earth fi s sures . I n  
areas where futu re earth fi ssures are pred i cted , rei nforced cana l 
l i n i ng i s  recommended . I f  the a l i nement was exposed to a l ow to 
i ntermed i ate ( greater than 15 percent )  degree of pos s i b l e fi s su r i ng , 
the al i nement wou l d  requ i re mov i ng .  

The Non- I nd ian  D i stri bution system i s  not an authori zed feature 
of the CAP .  

A new F i gure 2 shows j u st the Phase B water users . 

We concur and the f igures  have been changed accord i ng ly .  

The change h a s  been made . 

See response to comment 29-5 .  

A s  w i th the Sandari o P l an , the pi pe l i ne wou l d b e  down the road 
through  Saguaro Nati onal Monument and adjacent to the road i n  al l 
other areas for the Sandari o-San Joaqu i n  Pl an .  The i rri gation 
del i very system to Avra Va l l ey and Schu k Toak area are not part 
of th i s  system but were shown to show the pos s i b l e  l ocat ion of 
the i r del i very po i nts . 

F i gure 29b i s  now Fi gu re 41 . 

The footnotes have been added to Tab l e  17 . 

Th i s  change has been made i n  the f i na l  E I S .  

Sanders-San Joaqu i n  Mod ifi cati on Pl an has been added to the FE IS  
( see response to comment 9-1 ) .  The number of an imal drown i ngs  
for the Sanders-San Joaqu i n  Mod i f i cati on Pl an wou l d  have been 
reduced over the West S i de Pl an as the former p l an wou l d  have 
more p i pel i ne than the l ater p l an . 

We concu r and these changes have been made i n  the FE I S .  

The di scu s s i on h a s  not been changed a s  you suggest .  

The deta i l s  of methodol ogy and p l ant commu n i ty and assoc i at ion 
defi n i t ion s  are extens i vely d i scus sed i n  the support ing  document 
( deVos , et a l . 1983 ) for those i nterested i n  the techn i cal  
aspects of the research that was used i n  th i s  E I S .  
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29-27  

29-28 

29-29 

29-30 

29-3 1  

29-32 

29-33 

29-34 

These changes have been made i n  the FE I S .  

The d i kes for protecti on of the canal wou l d b e  constructed 
concu rrent wi th the canal constructi on . 

The d i scu s s i on i n  Chapte r  I I I .  B . 3 . a .  exp l a i ns the water  supply 
analyses wh i ch Recl amation performs for CAP i nvesti gati ons and 
wh i ch was u sed to devel op Tabl e 22  of the E I S .  Ea ch val ue  in the 
s i x  col umns under the major  headi ng II Probab i l i ty of Annual 
D i ve rs i on i n  % of years ll in Tabl e 22  represents the percentage of 
the total number of years spec i f i ed wh i ch fa l l  i nto the l i ne i tem 
category .  For exampl e ,  the th i rd col umn wh i ch conta i ns the 
numbers 0 ,  26 , and 74 revea l s  that for the best sequence of the 
15 studi ed sequences , the period between 1988 and 2010 ( 23  years ) 
has no years wh i ch were cl ass i fi ed as  shortage years , 6 years ( or 
26% x 23 years ) wh i ch were norma l supply years hav i ng an 
est imated annual  CAP Col orado R i ver  d i vers i on of 1 . 0-1 . 7  mi l l i on 
acre-feet , and 17  years ( o r  74% x 23 years ) wh i ch were surp l us 
supply years hav i ng  an est imated annual  CAP Col orado Ri ver 
d i ve rs i on of more than 1 . 7  mi l l i on acre-feet . Each subsequent 
col umn may be read s i mi l arly .  

We concu r and th i s  add i tion h a s  been made i n  the FE I S .  

The 1 . 5  mi l es of  transmi s s i on l i ne crosses Cl ass  A scenery from 
the v i c i n i ty of Twi n  H i l l s  ( near Ank l am Road and Cami no de Oeste ) 
to the south . The narrati ve has been revi sed to i ncl ude th i s  
i nformation . 

You are correct . The tab l e  has been corrected to refl ect th i s  
change . 

" 1 973 11 shou l d  be changed to 11 1 943 " as the i n i ti a l  year for 
devel opment of i rr i gation wel l s .  

A l egend has been added . 

29-35 The aggregate for construct ion wou l d  come from the commerc i a l 

29-36 

29-37 

p i ts in the area for any of the opti ons sel ected for 
construct ion . 

The study area cons i s ted of a conti guous b road area of the Santa 
Cruz  R i ver dra i nage w i th i n  the Tucson Bas i n  and the Avra Val l ey .  
The a rea i s  bordered on the north by the Tortol i ta Mounta i ns and 
on the south by the town of Green Val l ey .  The eastern boundary 
i s  rough ly the eastern extent of the Santa Cruz  R i ve r  fl oodp l a i n  
and the weste rn boundary i s  the eastern extent of the Brawl ey 
Wash  fl oodpl a i n  i n  Avra Va l l ey .  The Tucson Mounta i ns were 
enti rely wi th i n  the study area . 

The exact area beh i nd the d i kes requ i red for fl ood control i s  not 
ava i l abl e unt i l  the fi nal  mapping  i s  comp l ete and the l ocat ion and 
des i gns are wel l under way . The ri ght-of-way wi l l  be purchased 
to the 100 yea r  storage el evation  when hydrol og i c  stud i es are 
comp l eted . 
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29-38 

29-39 

29-40 

29-41 

29-42 

S i nce your comment address i ng recreation s i tes does not spec i fy 
wh i ch wi l dl i fe mi t i gati on structures you are . referri ng  to , i t  i s  
d i ffi cu l t to provi de a n  appropri ate response . Howeve r ,  those 
recreat i on areas to be devel oped are to be l ocated i n  conjunction  
wi th the  l ocal l and manag i ng agenc i es . The areas devel oped for 
recreat i onal  use or access wi l l  requ i re fenc i ng separati ng them 
from the rest  of the detent ion bas i n ,  wi l l  not be l ocated at 
those cross i ngs i denti fi ed excl u s i vely for wi l d l i fe use , and wi l l  
not be l ocated on those l ands acqu i red spec i f i ca l ly for wi l d l i fe 
mi t i gati on . The recreat ion deve lopment and use areas are to 
cons i st of tra i l -rel ated faci l i ti es and acti v i ti es .  

The change has been made . 

Sanders Road has been i ncl uded as an al ternati ve route . See 
response to comment 9-1 .  

See response to comment 9-1 .  

The preferred conservation measu re has been noted and the FE IS  
changed accord i ng l y .  
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fRIENDS Of THE DESERT 

Route 9 • Ioz 620 
racloD, ArtzoDa 85743 

racloD (602) 628·7300 • MaraDa (602) 682·7300 

February 1 4 ,  l � .... � .. �����. 
IJtOH�AL ALE COPY 

U.S. Bureau of Reclamation 
Bureau of Rec l amation 
Regiona l Environmenta l Officer 
Lower Col orado Region 
U . S .  Bureau of Recl amation 
Box 4 2 7  
Boul der City ,  Nevada 8 9 0 0 5  

Re : CENTRAL ARI ZONA PROJECT 
Tucson Aqueduct - Phase B 

Gentl emen : 

RECEIVED 
A FEB 19 1985 

Ac:1iOn _______ _ 

As you wel l know , Friends of the Des mate ly 
5 0 0  membe r s ,  w h i c h  member s h i p  i s  compr i se d  o f  indiv idua l s  and 
bus inesses in Marana , Avra Val l ey and Tucson . 

As w e  have indicated to you in the pas t ,  Friend s o f  the Deser t  i s  
una l t er ab l y  o ppo s e d  t o  the c u r r e n t  propo s a l  o f  a n  a bove ground 
cana l throug h Avra Va l l ey . 

A s  w a s  f u l l y  s e t  f orth i n  t he r eport o f  the U n i ted S tate s  F i sh 
an d W i l d l i f e  S e rvi c e  dated March 1 9 8 4 , i t  i s  our pos i ti o n  that 
p l a c e m en t  of an above g round c a na l w o u l d  have a d e l eterious 
e f f ec t  o n  the envi ronment ; wou l d  de s t ro y  a g re a t  dea l of  the 
natura l vegetation in the Avra Val ley , some of which cons i sts of 
p r o t e c t e d  s p e c i e s  a n d  i s  i n  d a ng e r  o f  b e c o m i n g  e x t i n c t  
( specifical ly Mammi l l aria thornberie and Tumamoca macdouga l ii ) ;  
wou l d  result i n  a greater water l os s  due to evaporation ; wou l d  be 
s us c e p t ib l e  to "t amper i ng "  b y  r ad i c a l e l ement s ; w o u l d  pose a 
threat t o  human l i f e  i n  th e f o r m  o f  potent i a l  h uma n dro w n i ng s ;  
wou l d  di srupt w i ldl ife and migrations ; presents a hazard and the 
potent ia l l o s s  o f  l i f e to w i l d l i f e  i n  the a r e a  o f  the Saguaro 
Nationa l Monument and Tucson Mountain Park (as confirmed by the 
U . S .  F i s h  and W i l d l i f e repor t and admitted by t h e  Bureau o f  
R e c l ama t i on 's own f i gu re s ) ;  w ou l d  i ntroduce the t h r e a t  o f  
mosquitoes and attendant di seases in Avra Val ley (as  i s  evidenced 
by t h e  r e cent encepha l i t i s  t hrea t a l ong t he C o l orado R iver ) ;  
w ou l d  a e stheti c a l l y  and v i s u a l l y  d e s e cr a t e  Avr a  Va l l e y ; the 
overhead power l ines propo sed by the Bureau o f  Rec lamation would 
interfere with P ima County Communications and resu l t  in a "dead 
zone" and inabi l ity for Pima County Communications to communi cate 
w i t h  P i m a  County She ri f f 's deput i e s , p e r s onne l o f  the P i c ture 
Rocks Fire Department and the Avra Va l l ey Fire Department in many 
area s of Avra Va l l ey. 
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fRIENDS Of THE DESERT 
Route 9 • Boa 620 

Tucson, Arizona 85743 
TUClon (602) 628·7300 • lIarana (602) 682·7300 

Bureau of Reclamation 
February 1 4 , 1 9 8 5  
Page Two 

A f t er numerous a nd 1 engthy meet ing s w i th S AWARA , t he Bu reau o f  
Rec lamation and the Nationa l Park Service , Friends of the De sert 
wishes to forma l l y  endorce an underground pipel ine extending f rom 
the vi c i n i t y o f  D e s er t W i nd s E l e mentary S choo l to th e s outhern 
end o f  Tucson Mountain Park. Thi s proposal , which wou l d  cal l f or 
a n  underground p ipe l i ne to b e  l ai d  a l ong Sander s Road f o r  the 
m o s t  p ar t ,  has b ee n  r e f e rred to as the S ande r s  - San Joaquin 
Mod i f i c a t i on .  I t  is  the opinion of  Fri e nd s of  the Desert that 
thi s a l ternative , the Sanders - San Joaquin Modification , i s  the 
m o s t  v i ab l e  a l t e r n a t i ve , s h o u l d  b e  i n c l u d e d  i n  t h e  f i n a l  
Environmenta l I mpact S tatement, and shou ld be the proposed route 
by the Bu reau o f  Re c l a m a t i o n  and u l t i mate l y  the route to be 
approved by the Secretary o f  the I nterior . 

Although the Bureau has proposed a number of mitigation measure s 
i n  t he above ground c ana l , c l ear l y  the b e s t  m i t i gation m e as u re 
for the protection of w i l d l ife , vegetation and the desert itse l f  
i s  a n  underground cana l .  This has been specifical ly referred to 
in the u.S .  Fish and wildl ife report. Furthermore , personne l of 
the Nationa l Park Service,  who have intimate day to day dea l ings 
w i t h  th e d e s er t i n  Avr a Va l l e y  a s  w e l l  a s  i t s  a n i ma l and p l ant 
l i f e , h ave indi cated t ha t  f rom an e nv i ronmenta l s tandpoint an 
underground pipel ine is fa r more preferab l e  than an above ground 
cana l or aqueduct. 

Even a s  a result of the Bureau 's m iti gation measures , the Bureau , 
i n  i t s own dra f t  Envi ron menta l I mpact S t a temen t ,  ha s indicated 
t hat p erm anent l os s  o f  v e ge tation a nd p otent i a l  l o s s  o f  a n i m a l  
l i f e  s ti l l  exi s ts , a l though t h e  reduced l os s  wou l d be , b y  the 
Bu reau 's s tandar d s ,  n a cceptab l e n •  However , i f  a p i pe l i ne i s  
underground , nothing - - human or anima l - - can drown i n  it. I f  a 
pipe l ine i s  underground, other than an easement for ingres s  and 
egre s s ,  the area surrounding the pipe l ine can be revegetated and 
the d e s e r t  r e s t o red to i t s  n atura l pr i s tine s tate.  w i th an 
underground p i pe l i ne ,  no evapo r a t i on wi l l  o ccur . Wi th an 
underground pipe l ine , w i l d l i f e  w i l l  not be kept f rom c ro s s i ng 
f r o m  o n e  s i d e  o f  t h e  p i p e l i n e  t o  t h e  o t h e r  b y  f e n c e s a n d  
concrete . 

A s  P i ma County w i l l  a tte s t  t o ,  the vas t m a j or i t y  o f  Avra Va l l ey 
i s  i n  a f l ood p l a i n .  To be s u re , the ma j or i t y  o f  the area 
through which the aqueduct i s  s chedu led to cross was underwater 
dur i n g  th e f l ood s o f  Octob e r  1 9 8 3 .  And , a ccording to P i m a  
County, the October 1 9 8 3  f loods were not an actua l 5 0  or 1 0 0 year 
f lood. Pima County ha s precl uded many deve lopers , bui lders and 
home owners from bui lding structures or even putting i mprovements 
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upon p roperty w h i ch are l ocated in Avra Va l l e y  b ec a u s e  of i t s  
f l oo d  p l ai n  s ta t u s  a n d  the r e su l tan t adver s e  af f ect s tha t said 
s t r u c t u r e s  a n d  b u i l d i n g s  w o u l d  h a v e  d u r i n g a f l o o d .  
No tw i th s tand i n g  thi s proh ibi t ion a g a i ns t the res t o f  t h e  wor l d  
bui lding i n  Avra Va l l ey , the Bureau o f  Recl amation now intends on 
spending mi l l ions upon m i l l ions of do l l ar s  in putting a concrete 
s tr u c ture , together w i th an e a r then d ik e , a cr o s s the enti re 
Avra Va l l ey. A s  anyone from Pima County F l ood P l ai n  Management 
can attest to , thi s wou l d  have a s ignif icant detri mental impact 
upon Avra Va l ley during times of heavy rains and f l oods .  And , by 
t ry i ng to reroute w a ter a round t he d i ke s a nd a queduct b y  h aving 
p i pe s acros s th e aquedu c t  a t  variou s p o i nt s w i l l  on l y  r e s u l t  
i n  c re a t i ng , i n  e f f e c t ,  man m ade r iv e r s  a nd w a s h e s  w h i c h  c ou ld 
make the Braw ley Wash l ook miniscu l e  by compari son. 

In l i ght of a l l  the f oregoing , I r e s pe c tf u l l y  r e qu e s t  t hat the 
B u r e a u o f  R e c l a m a t i o n p r o po s e  t h e S a n d e r s  - S a n  J o a q u i n  
Modi f i ca t i on cons i s ting o f  an unde rground p i p e l ine a s  the 
recommended a l ternative for the Centra l Ari zona Proj ect through 
the Avra Va l l e y , t ha t  thi s l et ter b e  i n c l uded a l ong w i t h  the 
pub l i c  comments to the draft Environmenta l I mpact Statement ,  and 
that the Secretary of the Interior u ltimate l y  approve the route 
endorced by Friend s  of the Desert. 

JRM : va 
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Very tru l y  yours , 

f j / ,...;../- --
(7 Cl ")\ f. ,. ! C I�f.,[k', 

! i.. • .  
JOHN R .  MOFFITT 
President 



Responses to Comments 
Fri ends of the Desert 

30-1 We have noted your oppos i t i on to the proposed above ground canal 
through Avra Val l ey .  Your  l etter of comment i s  ava i l ab l e  to 
deci s i onmakers . 

30-2 The Sanders-San Joaqu i n  Mod i fi cation P l an  has been added to the 
final  E I S .  However ,  the West S i de Pl an rema i n s the agency 
proposed acti on . 

30-3 The proposed a l i nement through the Avra Val l ey wi l l  fo l l ow the 
western s l ope of the Tucson Mounta i ns and a l ong the ea st s i de of 
the Brawl ey Wash  fl ood p l a i n .  The al i nement approaches the 
Brawl ey fl ood p l a i n  in three areas . These areas are j u st  
u pstream of  the Sandari o ,  B rawl ey and San Xav i er  Pump i ng P l ants . 
Th i s  i s  based on the fl ood maps  provi ded by the P ima County Fl ood 
Control Di stri ct .  The di kes are s i zed to deta i n  the fl ows for 
rel ease i nto the exi sti ng channel s at the rate that cou l d  be  
expected from a three hou r thunderstorm on the dra i nage bas i n .  
Al l l and that wi l l  b e  fl ooded i n  the detention area wi l l  be 
pu rchased . The outl ets from the overchutes  wi l l  have energy 
d i s s i pators con structed to bri ng the water to a vel oc i ty that i s  
not conduc i ve to eros i on .  The area on the downstream s i de 
between the overchutes wou l d  be protected from the fl ood i ng they 
now experi ence .  Meeti ngs have been hel d wi th P ima County Fl ood 
Control D i stri ct and the Town of Marana to address  the i s sue  of 
fl ood i ng i n  the Tangerine Road area . As a resu l t  of the meet i ngs 
the deci s i on has been made to construct a s i ngl e s i phon from the 
northeast s i de of 1 - 10 , dayl i ghti ng upon cros s i ng the southwest  
s i de of  the  Santa Cruz Ri ve r ,  a d i s tance of  about 8 , 700 feet .  
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31 
February 1 5 ,  1 9 85 

Mr . R i chard M i l ler 
..a....t.. ... /. � � -5 3 30 W 

G lenda e {)fFICIAtflltEOPY O.S. Bureau of Reclamation Low�r Cof"rado Reaion 
Reg i onal Environmental Offi cer 
Lower Colorado Reg i on 

RECEIVED 
A FEB 19 1985 

U . S .  Bureau o f  Reclama t i on Action 
Box 427  Action ,.", 
Boulder C i ty ,  Nevada 89005 Inltlall 

c.t. IlIltlel To 

Dear S i r :  1t'5 0  
The fol lowing are comments on the 

statement , Tucson Aqueduct Phase B .  

P a  e 5 g 
present . 

, p ara ra h 1 d  add mountain g p 

draft env i - !nt 1 imoa � t  

l i on and skunk to s e C l e s  p 

P age 6 & 7 table 3 wi ldl i fe d i srupt i on after mi t i gat i on i s  
under e s t ima ted , g i v i ng the imp res s i on that the alterna t ives are 
equal wh i ch i s  not the case . The canal w i l l  block m i grat ion and 
movements and the e ffect of mi t i gat i on i s  to lower , not remove , 
that impact . I sugges t : Wes t  S i de P lan - moderate ; Sanda r i o  San 
J oaqui n  - moderate to low ; Sanda r i o  - moderate ; East S i de P lan -
low . 

1 

I b e l i eve impacts on Harr i s  hawks are underest imated for the 
three we s t  s i de route s . Harr i s  hawks ne s t  and roost in Avra 
Valley from approximately m i l e  10 to m i le 22 of the wes t  s i de 
route . Concentrati ons occur i n  Sect i on 6 adj acent to m i le 10 and � 
along the S aguaro Nat i onal monument boundary . A l l  wests i de 
routes w i l l  probably impact Harr i s  hawks i f  construct i on i s  
con t i nued through the nes t i ng season . I sugges t  a l l  wes t  s i de 
routes should be l i s ted as hav ing moderate impact on Harr i s  
hawk s . 

The v i sual impact of all routes on the wes t  s i de has got to 
be h i gher than presented in th i s  table . The canal and/or 
p i pe l i ne w i l l  be a prominent feature i n  the v i ew from a l l  the 
mo s t  popular s cenic areas , Gates P as s ,  the Desert Museum , Saguaro :I 
N a t i onal Monument v i s i tors center , and I ronwood p i cn i c area . The 
i dea o f  the S andari o-San Joaqu in and Sanda r i o  a lternat ives are 
equi valent to the east s i de is naive . I sugges t :  wes t  s i de -
h i gh ; S andar i o -San J oaqu in - moderate ; Sandar i o  - moderate ; east 
s i de - low . 
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5 

6 

7 

8 

9 

I t  bothers me to have road br i dges such as the Avra V a l ley 
Road cross i ng labeled wi ldl i fe cross i ngs . Wh i le it is true that 
wi ldl i fe ( pr i nc i pally coyote s ) w i l l  probably use the roads that 
use is not the pr imary purpose of the cross ing , and w i l l  be made 
at some hazard to the animal . By the same logi c ,  you cou ld label 
all the overshoots as wi ld l i fe cross i ngs wh i ch wou ld be equa l ly 
mi s lead i ng .  

On page 27 paragraph 5 recreat i on should be l i s ted as a 
ma j or land use i n  the P hase B area due to the pres ence o f  the 
Tuc s on Mounta i n  Parks and Saguaro Nati onal Monument . Th i s  
omi s s i on i s  important s i nce i t  i s  reflec ted i n  the importance o f  
recreat i on related impacts . 

The d i scuss i on o f  cons tru c t i on impacts on pages 34  through 
37 is we ll wr i tten . What is needed to comp lete it is a 
d i s cus s i on o f  the impacts o f  cons truc t i on related d i s turbance to 
wi ldl i fe adj a cent to the route . A number of animals w i l l  b e  
d i s turbed and/or d i s p laced . Wh i l e  th i s  impact should be m i n i mal 
it  may be important if  the d i s turbance takes place dur ing 
cr i t i cal seasons , i . e .  fawn i ng , nes t i ng or if  i t  precludes use of 
cri t i cal resources or hab i tat , i . e .  wa ter resources i n  summer .  

On page 37 paragraph 4 I b e l i eve the mi gra t i on corr i dor 
should be i nc luded in m i t i ga t i on for the Sandar i o  San J oaqu i n  
plan ( also i n  tab le 1 8  page 3 8 ) .  

On page 38 paragraph 1 mi t i ga t i on i s  an at tempt to reduce 
the e ffe ct o f  a pro j ec t  or to replace value lost w i th l i ke 
value . The poss i b le h i gher co s t  to mi t i gate losses to Tumamoc 
globe berry does not rel i eve the Bureau or Reclama t i on of any 
ob l i ga t i on to mi t i gate for other spec i es . Mi t i ga t i on for T &E 
spe c i e s  i s  i n  response to a separate low from normal w i l d l i fe 
mi t i ga t i on . The cost of mi t i ga t i on i s  dependent on the locat i on 
o f  the canal and a s s o c i ated s tructures not on how much you budge t 
for i t .  Mi t i gat i on should be car r i ed out as de s i gned for a l l  
spe c i e s  regardless o f  i ncreased cost for one . 

Page 4 0  paragraph 1 .  Water s i tes should be cons truc ted and 
oper a t i ng pr i or to construc t i on of the canal in order to m i t i gate 
construc t i on impacts . 

Page 40 paragraph 5 .  The i dea o f  res t r i ct i ng d i s turbance 
near Harr i s  hawk ne sts is excellent , however , I am not sure that 
"minimized"  means anyth ing . I sugge s t  changi ng the wor d i ng to 
" Construc t i on w i l l  be curta i led from J anuary 1 to J une 1 wi thin 
1/2  mi le o f  Harr i s  hawk nests . I would also l i ke to add that 
paragraph the fol l owing : " I f  water sources are not comple ted at 
lea s t  6 months ahead of canal construc t i on . Cons truc t i on wi thin 
the w i l d l i fe movement corri dor wi ll be hal ted from May 1 to  
October 1 to al low wi l dl i fe use o f  ex i s t ing water source s wh i ch 
w i ll be removed dur ing canal construc t i on .  
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Page 47 sec t i on 5 paragraph 1 .  P i pe l i ne construc t i on 10 through the w i ldl i fe movement corr i dor w i l l  also temporar i ly 
block access to water sources . 

Page 4 9  paragraph 1 .  In order to m i t i ga te for d i s turbance 
dur i ng construct i on and to reduce loss of w i l d l i fe to acc i dents 1 1  
dur ing cons truct i on ,  water sources should be completed at least 
s i x  months pr i or to beg i nn i ng construct i on . 

P age 47 paragraph 4 .  A t  leas t two important water sources 
wh i ch are metal tanks and pumps or p i pe feeds l i e  d i rec tly i n  the 1� 
canal route . There should be a prov i s i on to rebu i ld the se as 
we l l . 

Page 6 8  and beyond . A ma j or assump t i on of the v i sual 
resources sect i ons seems to be that a d i ke or d i s turbed s t r i p  13 left a fter lay i ng p i pe i s  not a maj or vi sua l impact because the 
canal cannot be s een . T h i s  i s  not true ! The canal embankment i n  
and near the movement corr i dor wi l l  be a promi nent feature i n  the 
v i ew from the Desert Museum for instance . T he imp l i ed suggest i on 
that the canal wi l l  not ( page 72 , paragraph 4 )  be v i s i b le from 
the Desert Museum i s  i nsult i ng to the reader ' s  i nt e l l i gence . The 
embankment wi l l  be a promi nent l i near feature in the v i ew from 
mos t  p o i nts on the wes t  s i de of the Tucson Mounta ins . 

I have confi ned myself to pr imar i ly comments on w i l dl i fe 
s i nce that i s  my area of expert i s e . I appre c i a te the chance to 
comment and be l i eve , desp i te the length o f  my comments , that the 
Bureau has done a good j ob w i th th i s  E IS . 

S incerely yours , 

���� 
Cer t i f i ed W i l d l i fe B i o log i s t  
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Responses to Comments 
Mr. R ichard Mi l l er  

31 -1 We concu r and the f ina l  E I S  has been changed accord i ng l y .  

3 1-2 Al l of the Pl ans wi l l  cau se short-term d i stu rbance duri ng 
construct i o n .  The acti on p l ans wi l l  cau se a permanent l oss  of 
from 250 to 367 acres  of potent ia l  Ha rri s '  hawk hab i tat . 
However ,  the mi t i gat ion pl ans for these p l ans i ncl ude the 
acqu i s i t i on and preservation of from 640 to 2 , 530 acres of 
potent ia l  Ha rri s '  hawk hab i tat that wou l d  otherwi se eventua l ly be 
deve l oped for hou s i ng in futu re years . We concl ude that th i s  
mi t i gat i on effect i ve ly  reduces  the impacts to " l ow" for these 
a l ternat i  ves . 

3 1 -3 Al though  v i s i b l e  from many of the popu l ar scen i c  
areas , the canal  and/ or pi pel i ne wou l d  not b e  a domi nant feature 
of the v i ew .  Duri ng the construct i on peri od , the acti v i ty and 
env i ronmenta l  d i stu rbance wou l d  be most  consp icuou s ,  and impacts 
to scen i c  v i ews wou l d  be s i g n i fi cant . Long term impacts wou l d  be 
much l es s  severe . Because of the d i stance i nvol ved , the cana l or 
d i ke wou l d  present a l i ne representat ion on the v i ew ,  v i s i b l e ,  
s urely , but not a promi nent feature of the v i ew .  A photo has 
been added to the f i nal EIS  to cl a ri fy th i s  i s sue ( see F i g ure 
50 ) .  The photo shows the CAP cana l ( Gran i te Reef Aqueduct ) from 
a scen i c  overl ook on Shea B l vd . i n  Phoen ix .  The d i stance 
(about 2 mi l es ) , topography , and vegetat ion are very s imi l ar to 
the v i ew of Tucson Aqueduct from the Ari zona - Sonora Desert 
Mu seum . 

W i th rega rd to the re l ati ve impacts of the East S i de Pl an  wi th 
the Sanda ri o  Road Pl ans , the net i mpacts are about equal , 
a l though d i ffe rent i n  natu re . On the east  s i de , the impacts 
resu l t  from the greater number of vi ewers and greater i mpacts on 
res i dent i a l  areas from the power transmi s s i on l i nes . On the west 
s i de ,  the number of v i ewers i s  l es s , but so too i s  the exi s t i ng 
degree of cul tural  modi ficat i on .  

31 -4 We concur and these changes have been made i n  the fi nal E I S .  

3 1 -5 The AGFD stud ies  est imated that as  many as  175 mu l e  deer ( 44 
percent of total i n  area ) and 146 javel i na ( 24 percent of tota l 
i n  area ) cou l d  be i n i ti a l ly  impacted by a west  s i de open aqueduct 
route . Impacts wou l d  range from drown i ng l os ses  ( from the 
compl eted cana l ) to avoi dance of the area (duri ng  construct ion )  
depend i  ng upon the  prox imi ty of the an ima 1 s home ranges to the 
aqueduct a l i nement ( deVos et a 1 .  1 983 ) . Over the 1 i fe of the 
proj ect , i t  i s  pos s i b l e  that the mu l e  deer popu l ati on i n  the 
Tucson Mounta i ns cou l d  be  e l im i nated i f  no m i t i gat ion i s  
prov i ded . The l es s  w ide rang i ng spec i es such a s  javel i na ,  
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tortoi se and Gi l a  monster cou l d  experi ence popu l at ion l osses wi th i n  
cl ose proxi mi ty to the aqueduct wi thout mi t i gation . W i th the 
mi ti gat ion featu res commi tted to i n  th i s  E I S , the l osses and impacts 
shou l d  be reduced to a l evel that wi l l  not jeopard i ze the wi l d l i fe 
popu l at ions i n  th i s  area . 

3 1 -6 The majori ty of the Sandari o-San Joaqu i n  Pl an i s  i n  bu r ied p i pe 
and wou l d  cause very l i ttl e l ong-term d i sruptions of wi l d l i fe 
movements . Therefore , no mi gration  corri dor i s  i ncl uded for th i s  
pl an and th i s  dec i s i on i s  supported by the AGFD contractor . 

3 1-7 We concur .  The paragraph has been changed and the poss i b l e  
trade-off cl ause del eted . 

3 1 -8 The paragraph has been modi fi ed i n  response to you r  comment . 

31 -9 "Mi n imi z i ng d i sturbance" wou l d  i ncl ude restri cti ng construction 
d i sturbance to the aqueduct r ight-of-way wi th i n  one hal f mi l e  of 
the acti ve Harri s '  hawk nests . No haul roads , equ i pment yards or 
other re l ated i mpacts off of the ri ght-of-way wou l d be permi tted 
off of the ri ght-of-way i n  these area s .  I n  addi tion , construction 
crews wou l d be i nformed of l aws protecti ng wi l dl i fe from 
di sturbance and g i ven d i recti ves i n  the i r  contracts to compl y  
wi th these l aws . The suggestion to "curta i l  constructi on from 
January 1 to June 1 near Harri s '  hawk nests" and to " hal t 
construction  from May 1 to October  1 i n  the wi l dl i fe corri dor" 
cou l d  resu l t i n  only 2 months of construct ion be i ng al l owed per 
year i n  some area s .  Th i s  wou l d  not b e  compati b l e  wi th 
construct ion schedu l es and wou l d  only be cons i dered to avo i d  
d i sturbance to a federal ly  l i sted speci es . 

3 1-10  

31-11  

3 1- 12  

3 1 -13 

We are schedu l ed to have the water catchments i n  p l ace and 
operati ng before aqueduct construct ion i s  compl eted to al l ow 
an ima l s to become accustomed to these water s i tes before there i s  
water i n  the cana l . Because constructi on i s  schedu l ed to beg i n  
o n  Reach 4 i n  early 1986 , i t  i s  not poss i b l e  to have catchments 
bu i l t  6 months before that t ime .  

We concur ;  the paragraph has been mod i fi ed accord i ng ly  i n  the 
fi nal  E I S .  

See the l ast part of comment 3 1 -9 .  

The paragraph has been mod if i ed accord i ng ly .  

See response to comment 3 1 -3 .  
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Department of Energy 

Western Area Power Adm i n istration 

Boulder C ity Area Office 
P.O. Box 200 

OfflClt,L filE COpy . 
U.S. BUie3\i 01 Rec�matlon 

t. owe� ColiJrado Re�on 
�-- --R(CE,'Jf:!i F EB 1 5 1985 G --.- � 

Ae.\O!' Boulder City, NV 89005 
A.OIlI(\\"; Tlk .... 1!IlIItl' 

FEB 1 5 1985 o..�� Inillal To 
Refer To : G1010 (Sayl or )  

5440 TUC Phase B 
� 

Mr .  N .  W .  P l ummer 
Regi onal Di rector 
B u reau of Recl amat i on 
Lower Col orado Regi on 
P .O .  Box 427 
Bou l der Ci ty ,  Nevada 89005 

Dear Mr . P l ummer:  

filfl 

We appreci ate the opportunity to rev i ew the draft Envi ronmental Impact 
Statement for the Tucson Aqueduct-Phase B .  Our comments are as fol l ows : 

Execut i ve Summary 

Page 1 :  Change t ransmi s s i on l i ne mi l eage for the West Si de Pl an to 
approximately 33 mi l es .  

/.�{) 

. -

Tabl e  1 :  Repl ace the val ues for transmi s s i on l i ne mi l eage with the fol l owi ng : 
West Si de 32 . 7 , Sandari o 33 , Sandari o-San Joaqui n  33 , East Si de 32 .  

Page 4 :  Change the  val ues for the  t ransmi s s i on l i ne mi l eages to the  above . 
A l so , remove the word mi l es before "approximately" i n  the fi rst paragraph of 
No . 2 Sandari o-San Joaqui n  p l an .  

Page 5 ;  paragraph 2 :  The power requ i rement of 117 g i gwatthou rs does not agree 
w ith Tabl e  1 whi ch shows 111 gWh ' s  for the no act i on a l ternat i ve .  

Page 12 ; paragraph 2 :  I n  the fi rst sentence under Vi sua l  Resources remove 
e i ther transmi s s i on l i nes or power t ransmi s s i on l i nes . Both are not 
necessary .  

I ndex 

Page v i : N 5 through 8 s houl d be page 110 not 1 08 .  

Sect i on I I  

Tabl e 1 :  Repl ace the val ues for t ransmi s s i on l i ne mi l eage with  the fol l owi ng :  
West Si de 32 . 7 , Sandari o 33 , Sandari o-San Joaq u i n  33 , East Si de 32 .  
T hroughout the appropri ate sect i ons of  narrat i ve the  numbers s hou l d a l so  be 
changed .  
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LTR TO PLUMMER - CONTD 

F i gure 7 :  The p roposed t ransmi s s i on l i ne i n  the vi ci ni ty of Los Rea les  Road 
s hou l d  extend an add i t i onal  1/2 mi l e  to the east to show that i t  i s  proposed 
to be i nterconnected wit h  Western ' s  Tucson-Apache 1 15-kV t ransmi s s i on l i ne .  

F i gure 16 : The proposed transmi s s i on l i ne i n  the vi ci n i ty of Los Rea l es Road 
i s  not shown on the map . 

F i gure 2 2 :  The p roposed t ransmi s s i on l i ne i n  the vi ci ni ty of Los Real es Road 
i s  not shown on the map . 

Page 14 :  Del ete the l ast paragraph on the page ; i t  repeats i nformati on i n  
paragraph 1 on page 1 5 .  

Tabl e 31 : The t i t l e of th i s  tab l e  s hou l d  i nd i cate that these val ues are for 
mi l es of t ransmi s s i on l i nes . 

Tab l e  3 3 :  The t i t l e  of th i s tab l e shou l d  i ndi cate that these fi gures are for 
mi l es of transmi s s i on l i nes . 

Western ' s  d i scu s s i on of undergroundi ng  of the transmi s s i on l i ne whi ch was 
provi ded i n  response to a requ est at a publ i c  meeti ng i n  Tucson , must be 
i nc l uded i n  the document . At the l east , the fact that undergroundi ng  was 
consi dered but rejected shou l d  be ment i oned under the sect i on on al ternati ves 
consi dered but rejected . A bri ef summary of the reasons that u ndergroundi ng  
was rejected shou l d be gi ven . 

Page 9 ;  paragraph 2 :  Rewri te the thi rd sentence to read : At the l ocati on of 
t he tap a sma l l {about 1 acre } substat i on wou l d  be constructed . 

2 

Page 9 ;  paragraph 3 :  Al though the l oop l i ne to the Tucson-Apache t ransmi s s i on 
l i ne i s  proposed to be constructed a l ong Los Rea l es  Road , e l ectri ca l  and 
t ransmi s s i on systems studies  whi ch wi l l  determi ne the exact l ocat i on of the 
l i ne are bei ng conducted but wi l l  not be compl eted i n  t ime for data to be 
i ncl uded i n  these DE I S  comments .  The data and l ocat i on of the l i ne wi l l  be 
p rovi ded for i nc l u s i on i n  the FE I S .  

Add fol l owi ng  the l ast sentence : "A substat i on of approximately  2 acres wou l d  
be  constructed at thi s  tap s i te . "  

Page 9 :  Unde r b ,  Power Transmi s s i on Faci l i t i es ,  add a di scus s i on regardi ng  
e l ect ri cal effects  of  t ransmi s s i on l i nes . We  suggest us i ng  t he  encl osed 
d i scu ss i on .  Effects wou l d be the same for a l l a l ternat i ves except no act i on . 

Agai n ,  we emphasi ze the need to di scu s s  the effects of undergroundi ng  a HV 
t ransmi s s i on l i ne .  I n  addi t i on to the data al ready sent to your offi ce some 
addit i ona l  appropri ate comments are :  
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1 .  Technol ogy i s  avai l ab l e for an underground 1 15-kV t ransmi s s i on l i ne 
however  many probl ems exi st . Among the adverse i mpacts associ ated are : 

a .  An above ground swi tchyard ( 50 '  x 50 ' )  wou l d be requ i red every few 
mi l es on the ri ght-of-way and woul d  have some adverse vi sual 
effects . 

b .  Any mai ntenance wou l d requ i re that the earth be redu g  to get to the 
oi l -pressuri zed condui t  whi ch woul d  i nsu l ates the l i ne .  Some 
l eakage of oi l can occur .  We expect that new EPA regul at i ons  wi l l  
regul ate very sma l l amounts of oi l -spi l l age . Oi l spi l l s  near 
d rai nages may contami nate water runoff and woul d  damage wi l dl i fe 
resources . 

3 

2 .  Si nce revegetati on of c l eared areas may not occur i n  the l i fe of the 
project , the c l eari ng  associ ated with  an u nderground t ransmi s s i on l i ne 
wou l d produce an add i t i onal  adverse i mpact to vegetat i on because i t  woul d  
requi re cl eari ng  an area approxi mately 150 to  200 feet wide . An overhead 
l i ne on the other hand , on ly  requ i res one pol e eve ry 450 feet a l ong the 
ri ght-of-way . Each pol e l ocati on di sturbs about a 6 foot area . The 
remai ni ng  area can stay vegetated for wi l dl i fe u se , vi sual benefi ts , and 
soi l erosi on preventi on .  

Western p l ans to use exi sti ng roads , access roads ,  and the aqueduct 
ri ght-of-way access  roads wherever poss i b l e to reduce adverse i mpacts to 
t he vegetati on .  Di sturbances wi l l  be hel d to a mi n imum . Impacts 
wou l d  be s imi l ar for both types of t ransmi s s i on system. 

Page 36 ; paragraph 3 :  Add a sentence to read . "A t ransmi s s i on l i ne u sed by 
the  Western Area Power Admi ni strat i on meets the accepted criteri a establ i shed 
and approved by the U . S .  Fi s h  and Wi l d l i fe Se rvi ce and the Bureau of Land 
Management for the protecti on and p revent i on of e l ect rocuti on to raptors . 5 Other bi rd speci es are too smal l for thei r wi ngs to touch two conductors at 
the same t ime .  Transmi s s i on l i nes rated at 1 15-kV and above do not present a 
p robl em to raptors s i nce spaci ng  between conductors i s  wi de r  than the wi ngspan 
of most raptors . "  

What wou l d the mon i tori ng p l an for the protect i on of raptors con s i st of? Th i s  6 sect i on shou l d  be expanded to descri be when and where the moni tori ng  p l an 
wou l d be i nsti tuted . 
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Chemi cal herbi ci des and pesti c i des  are not genera l ly u sed i n  Ari zona . Shou l d 
i t  be necessary ,  however ,  agents u sed by Western are those regi stered with  the 
Envi ronmental Protecti on Agency i n  compl i ance wit h  the Federal Pest i c i de 
Control Act of 1972 and other Federa l  ru l es and regu l at i ons . I f  chemi cal 
agents shou l d  be nece ssary ,  thei r use wi l l  be coordi nated wi th  the Ari zona 
Game and Fi s h  Department as requ i red . 

Encl osu res 
1 .  Underground 
2 .  El ectri cal Effects 

Si ncerely , 

Thomas A .  Hi ne 
Area Manager 



UNDERGROUND CONSTRUCTION 

Al though there has been underground construct i on of transmi s s i on systems i n  
the Un i ted States s i nce the l ate 1920 ' s  for l ower-vol tage di stri but i on l i nes 
and some h i gh-vol tage (HV)  systems , most HV (greater than or equal to 69-kV ) 
i nstal l at i ons have been constructed i n  congested u rban areas , or as l eads from 
generat i ng pl ants or to substati ons . It  i s  important to note that 
technol ogical  requ i rements for underground HV t ransmi s s i on l i nes are marked ly  
d i ss imi l ar to those for l ower-vol tage di st ri but i on transmi s s i on l i nes . 
Undergroundi ng  of HV t ransmi s s i on l i nes i s  vastly more compl ex and costly , 
pri mari ly  because of probl ems associ ated with d i s s i pat i ng  cabl e heat . 

Des i gn parameters and thermal l i mitati ons proh i b i t  the u se and appl i cat i on of 
u nderground t ransmi s s i on cabl e systems for l ong-d i stance t ransmi s s ion . For 
t hese reasons al one , wit hout cons i derat i on of the cost factor , wi th notabl e 
excepti ons ( submari ne ) , there are few underground transmi ss i on systems i n  the 
U n i ted States at vol tages 115-kV and above exceedi ng  approxi mately 15  mi l es .  

Of the u nderground t ransmi s s i on cabl e systems i n  servi ce , or concepts under 
devel opment , only two cab l e  systems are feas i b l e  (or vi abl e )  for i nstal l at i ons  
of approximately 15 mi l es .  These are the h i gh-pressure oi l -f i l l ed pi pe-type 
( HPOF ) and l ow-pressure oi l -fi l l ed sel f-contai ned ( SCOF )  cabl e systems . The 
p reference i n  the Uni ted States for HPOF cabl e systems i s  based on thei r 
rel at i ve ruggedness , l ower i nstal l at i on costs , reduced obst ruct i on of 
veh i cu l a r  and pedestri an t raffi c ,  and avoi dance of congesti on duri ng  
i nstal l at i on .  

T he bas i c  cost of u ndergroundi ng a 1 15-kV l i ne us i ng  an HPOF cabl e system 
wou l d be approximately $ 1 . 3  mi l l i on per mi l e .  I n  add i t i on to the cabl e ,  pi pe 
and oi l ,  anci l l ary faci l i t i es ( s uch as cabl e termi nators , oi l -pressu ri zi ng and 
p umpi ng stat i ons , and reactor stat i on s )  wou l d  be requi red to compl ete the 
u nderground system . Oi l -pressuri zi ng and pumpi ng-p l ant faci l i t i es that wou l d  
b e  requ i red every 7 t o  1 0  mi l es al ong the transmi s s i on route wou l d  cost 
approxi mately $233 , 000 per stat i on ( i n 1 981 dol l a rs ) , and termi nat i on stati ons 
at each of the two s ubstat i ons  woul d  cost approximately $106 , 000 per stat i on . 
I n  bri ef , total estimated costs for undergroundi ng  a 1 15-kV transmi s s i on l i ne 
woul d  be  roughly 8 to 10  t imes the cost of construct i ng an overhead system of 
comparabl e  capabi l i ty .  

Con s i der i ng  the techni cal comp l i cati ons , economi c and envi ronmental costs , and 
access i bi l i ty ,  an underground ac system was rejected as an a l ternat i ve 
t ransmi s s i on system . 
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ELECTR ICAL EFFECTS 

Vari ou s types of effects have been attri buted to transmi s s i on l i nes due to 
t hei r el ect ri cal charge , i nc l udi ng  el ect ri cal and magnet i c  f i e l d effects , 
audi b l e  noi se , radi o and tel evi s i on i nterference , and the product i on of 
oxi dants . The Phase B t ransmi s s i on l i ne wi l l  be desi gned to meet Federal 
Communi cat i ons Commi ss i on { FCC } and Nat i ona l  El ectri cal Safety Code standards , 
whi ch are set to mi n imi ze these e l ect ri cal effects . 

Radi o and tel evi s i on i nterference , audi b l e noi se , and the product i on of 
oxi dants res u l t  from a phenomenon cal l ed corona .  When the nat ural  i ns u l at i ng 
qual i ty of the ai r around a conductor breaks down , an e l ectri ca l  di scharge 
occu rs . Th i s  breakdown can occur  when the stress caused by the e l ectri cal 
f ie l d {a  funct i on of the operat i ng vol tage and the di ameter , hei ght , spaci n g ,  
and geometri c arrangement of the conductors } exceeds the breakdown gradi ent of 
a i r ,  whi ch i s  a funct i on of ai r dens i ty .  Transmi s s i on l i nes are des i gned to 
comply wi th  FCC standards to mi n i mi ze corona ; however ,  atmospheri c condi t i ons 
and forei gn matter such as dust , i nsects , and rai ndrops can i ncrease the 
vol tage gradi ent by shorten i ng the el ect ri cal di stance , and produce a corona 
d i scharge . 

Audi b l e Noi se 

The corona d i scharge produces an aud i b l e l ow l evel crackl i ng or buzz i ng  sound .  
The i ntens i ty of the  noi se l evel i s  dependent on  weather  cond i t i ons . In  fai r 
weathe r ,  the noi se l evel i s  general ly  undetectabl e .  D uri ng  fou l weather 
condi t i ons of rai n  or heavy fog , the noi se l evel at the edge of the 
t ransmi s s i on l i ne ri ght-of-way {25  feet from t ransmi ss i on center l i ne }  wou l d 
be 30 deci bel s {dbA} , a l evel  whi ch i s  s l i ghtly audi b l e  and comparab l e to the 
noi se l evel i n  a l i brary .  

Radi o and Te l evi s i on Interference 

Corona di scharges act as mi n i at u re spark transmi tters to cause  rad i o  
i nterference . Th i s  i nterference i s  dependent on the same factors wh i ch cause 
corona , such as l i ne vol tage , atmospheri c condi t i ons , and spaci ng  of the 
conductors ; p l u s  other factors i ncl udi ng the di stance between the t ransmi s s i on 
l i ne and the poi nt of i nterference , and the el ectri cal frequency of the 
equi pment bei ng  i nterfered wi th . Corona noi se i s  general ly not a probl em when 
the transmi s s i on l i ne vol tage i s  bel ow 130-kV . AM radi os are most suscepti b l e 
to radi o  i nterference wh i l e  FM and TV frequenci es {above 10  Mhz }  a re 
negl i gi bly affected . 

Gap-Type Noi se 

Poorly contact i n g  transmi s s i on l i ne hardware with an oxi di zed fi l m  on thei r 
contact su rfaces can cause radi o i nterference known as gap-type noi se . The 
oxi d i zed fi l m  acts as an i ns u l ator to create a vol tage di stance between the 
two metal l i c objects , whi ch res u l ts i n  the creat i on of mi croarcs . Th i s  
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ga�-ty�e noi se i s  essent i al ly  constant regardl ess of frequency . Gap-type 
n01 se  1 S  general ly  not a probl em wi th  wel l -mai ntai ned transmi ss i on l i nes ; i f  
i t  occurs , i t  i s  an abnorma l i ty whi ch can be pi npoi nted and readi ly corrected . 

E l ect ri c and Magneti c  F i el ds  

E l ectr ic  and magneti c fi e l ds (measured i n  u n its  of  k i l ovol ts per  meter  and 
Gauss , respecti ve ly )  are responsi b l e  for i nduced vol tages and cu rrents i n  
conduct i ve bod i es . 

Vo l t ages can be i nduced i n  ungrounded metal objects l ocated i n  an e l ect ri c 
f i e l d ,  such as under a t ransmi s s i on l i ne .  These metal objects  can ,  i n  turn , 
p roduce an e l ectri cal s hock i n  a person who touches them and provi des a path 
for the current to ground . Typi cal types of ungrounded objects are wi re 
fences havi ng  dry wood posts , veh ic l es wi th  rubber t i res , and wooden barns 
with  l arge metal roofs . The e l ectrostati c vol tages i nduced on an ungrounded 
meta l  object are dependent upon the su rface area of the object , the di stance 
of the metal su rface from the transmi s s i on l i ne conductors , and the hei ght of 
the object above ground . The magni tude of the di scharged currents from these 
i nduced vol tages depend on the transmi s s i on l i ne vol tage , the object s i ze and 
s hape , and the i mpedance of the current ' s  path throu gh the person touch i ng the 
object to the ground (whi ch vari es accordi ng  to the i ndi vi dual  and manner i n  
whi ch the person i s  grounded ) . The threshol d of shock recogni ti on i n  most 
peopl e i s  between 0 .9 and 2 . 5 Mi l l i ampers {ma l . 

The transmi ss i on l i ne wou l d  be desi gned to meet or exceed the safety 
req u i rements of the Nat i ona l  El ectri cal Safety Code ( NESC ) . The NESC states 
t hat the des i gn of the l i ne shal l be such that lithe e l ectri c fi e l d ,  or the 
effects thereof , shal l be reduced • • •  , as requi red , to l imi t the current due to 
e l ect rostat i c  effects top 5 .0 ma , if the l argest ant i ci pated truck , veh i cl e ,  
o r  equ i pment under the l i ne were short-ci rcu i ted to ground . "  The 5 . 0  ma 
cu rrent i s  cOlTlTlon ly acknowl edged to be the " l et-go" threshol d for a sma l l 
c h i l d .  

A fi el d of 2 5  kV/m i s  necessary to produce a 5 ma tough current from an 
u ngrounded automobi l e  through a normal ly  dressed person under average 
condi ti ons . The fi e l d  maxi mum from the proposed t ransmi s s i on l i ne i s  
substant i al ly l es s  than 25 kV/m and therefore wou l d  not cause  probl ems of th i s 
n ature . 

Fuel  i gn i t i on and i nterference with  card i ac pacemakers are other areas of 
concern as soci ated with el ect ri c  fi e l ds . F i el d strengths from the proposed 
t ransmi s s i on l i ne are wel l bel ow the fi e l d  l evel s requi red to cause  a spark of 
s uffic i ent energy to cause fuel  i gn i t i on .  The conc l u s i on drawn from avai l ab l e  
research on poss i b l e fi e l d  effects on pacemakers i s  that the overa l l ri s k  to 
pacemaker wearers from transmi ss i on l i nes i s  mi n i ma l . The t h reshol d for 
i nterference to the most sens i t i ve pacemakers i s  estimated to be 3 .4 kV/m . 
Reve rsi on of pacemakers i s  the most substanti a l  effect noted to wearers of 
pacemakers and i s  not cons i dered a seri ous  probl em. To date , no evi dence that 
a t ransmi s s i on l i ne has caused a seri ous probl em to the wearer of a pacemaker 
h as been found (Bracken , 1982 ) . 
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Bi ol ogical  effects resu l ti ng  from l ong-term exposu re to e l ectri cal and 
magnet i c  fi el ds generated by a 1 15-kV t ransmi s s i on l i ne have not been 
reported . Research address i ng the exi stence and impl i cat i on s  of poss i b l e 
l on g-term effects i s  bei ng  conducted wit h  h umans and ani mal s .  I n  the past 
several years , several i ndependent revi ews of the research l i teratu re on 
effects of exposu re to power-frequency el ectri c fi e l ds have been performed . 
I t  i s  genera l l y  concl uded from these revi ews that there i s  no apparent hazard 
to  human hea l th  from exposu re to e l ect ri c  fi el ds found u nder t ransmi s s i on 
l i nes . Th i s  i s  especi al l y  true for fi el ds of l ess  than 10  kV/m.  Long-term 
e xpos u re to magnet i c  fi e l ds generated by transmi s s i on l i nes has recei ved l ess 
attent i on ,  but thi s is due to the fi e l ds bei ng  of a very l ow magni tude . 

Exposu res i n  the home from appl i ances are comparabl e to or greater than those 
from transmi s s i on l i nes (Bracken , 1982 ) . Based u pon the very l ow l evel s of 
e l ect ri ca l  and magnet i c  fi e l ds expected to be generated by the 115-kV 
t ransmi s s i on l i ne ,  and upon its  proposed l ocat i on ,  whi c h  wou l d  be away from 
occup i ed res i dences , i t  appears h i gh ly  un l i kely that l ong-term b io l ogi cal 
effects wou l d  occu r .  

H-1 64 

3 

E LECTRI CAL EFFECTS 
G1010-P2 ( 02/ 12/85 ) 



Response to Comments 
Department of Energy 

32-1 These changes have been made i n  the f i nal  E IS . 

32-2 We concur .  A new secti on has been added to Chapter I I  as 
suggested . 

3 2-3 These changes have been made i n  the fi nal E I S .  

32-4 See response to comment 32-2 

32-5 The add i t ion has been made . 

32-6 The mon i tori ng pl an wi l l  probably cons i st of checki ng  under power 
pol es for e l ectrocuted raptors , e spec ia l ly  du ri ng wet peri ods . 
See response to comment 22-1  for the mon i tori ng p l an d i scu s s i on . 
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UNITED STATES ENVIRONMENTAL PROTECTION AGENCY 

AEGIO N IX 

2 1 5  Fremont Street 
San Francisco. Ca. 94 1 06 

OFFICIAL FilE COPY 
U.S. Bureau of Re.ciamation _1.'�wer Colorado ReQion 

1 5  FEB 1�8� RE�\'E!) FEB 1 9  1985 

Mr . B ru�e E l l i s , C h i e f  
Env i ronment a l  D i v i s ion 
Ari z ona p roj ects O f f ice 
Central Ari zona proj ect 
u . s .  Bu�eau of Rec lamat i on 
P . O .  Box 9 9 8 0  
Phoe n i x ,  A Z  8 5 0 6 8  

Dear Mr . E l l i s : 

Ai;11on 
Ad;� "'�er. _ 

0.:, !nltlo' -

�--- . 

r---
-I'ne 

The E nv i ronme ntal P rotec t i on Age ncy ( EPA ) has rev i ewed 
the Draft E nv i ronmenta l Impact S tatement ( E I S )  t i t led TUCSON 
AQUEDUCt- PHAS E B ,  CENTRAL ARI ZONA PROJ ECT . We have the 
enc1ose� comme nts regard i ng th i s  Dra f t  E I S . 

, 

We have c l ass i f i ed t h i s  DE I S  as Ca tegory EC- 2 , E nv i ron
me ntal Conce rns - I nsuf f i c i e nt I nformat i on ( s ee attached 
· Summa ry of Rat i ng Def i n i t i ons and Fol low-Up Act ion" ) .  Th i s  
Dra f t  E I S  i s  rated EC- 2 because of que s t i ons we have regard i ng 
wat e r  qua l i ty ,  a i r  qua l i ty and b i olog i ca l  impac ts . The 
c la s s i f i ca t ion and date of EPA ' s  comme nts w i l l  be pub l i shed 
in the Federal Reg i ster in accordance w i th ou r pub l i c  d i s c losure 
re spons i b i l i t i e s  u nde r Sec t i on 3 0 9  of the C lean A i r  Ac t .  

We appre c i ate the opportun i ty to rev i ew t h i s  document . 
P l e ase send f i ve cop i es of the F i na l  E I S  to t h i s  o f f i ce a t  
the s ame t ime i t  i s  o f f i c i a l ly f i led w i th our Was h i ngton , 
D . C . o f f i ce . I f  you have any que s t i on s , p lease contac t 
Robe rta Blank , Fede ral Act i v i t i es Branch , at ( 4 1 5 ) 9 7 4 - 8 1 8 7  
o r  FTS 4 5 4- 8 1 8 7 . 

Enclosure 

Charles W .  Mu rray , 
Ass i s tant Reg i onal Adm i n  

f o r  pol i cy and Managem 
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Wa ter Qual i ty Comments 

1 .  From the s tandpo i nt of wa ter qual i ty ,  bur i ed p ipe l i ne i s  
preferable t o  open cana l . Open cana l could re sult i n :  
1 )  contam i nat ion of open waters f rom an ima ls , refuse and 
sediments , 2 )  a bu i ld up of total d i s so l ve d  so l i ds ( TDS ) i n  
the canal due t o  evapotransp i rat ion , 3 )  seepage o f  s a l i ne 
CAP water to the aqu i f e r ,  and 4 )  downs t ream impacts due to 
altered drai nage cond i t ions . We recomme nd selection of an 
a l te rnat i ve that would max im i z e  the use of bu r i ed p ipel i ne ,  
such as the Sandar io-San Joaqu i n  Plan . 

2 .  The Dra f t  E I S  s tates that the i nteract ion between the 
aqueduc t and local surf ace dra i nage w i l l  be con f i ne d  to 
prov i d ing c ross dra i nage v i a  overchutes . The F i na l  E I S  
should d i scuss the potent i a l  downs tream impacts o f  i ncreased 
f low vo lume in the channe l s  wh i ch rece i ve the overchute 
d ra i nage . Wou l d  f lood con t rol me asures be requ i red to 
p rotect e x i s t i ng or fu ture deve lopme nt downst ream of the 
aqueduct? If s o ,  the cos t of such f lood control measures 
should be cons idered in the total pro j e c t  cos t , and used 
when comp ar i ng the cos t of open canal w i th that of bu ried 
p i pe l i ne .  

3 .  Th re e  open p i t  copper mi nes and three ta i l i ng ponds e x i s t  
i n  the v i c i n i ty of the proposed aquedu c t .  The F i na l E I S  shoul d  
address impacts to water qual i ty assoc i ated w i th the d i spers a l  � of ta i l i ngs due to wi nds , spec i f i ca l ly i n  a reas whe re open .., 
canals a re p roposed . 

4 .  The F i na l  E I S  shou ld d i s cuss how potent i a l  leakage f rom the 
bur ied p i pe l i ne port i ons of the aqueduct would be detected , 
to dete rm i ne i f  sal i ne CAP water was seep i ng i n to the su rround
ing s o i l s  and potent i a l ly i nto the unde rly i ng aqu i f e r .  

C lean Water Ac t ,  Sect ion 4 0 4 ( b )  Comments 

1 .  The d i s cuss ion on page 3 4 , parag raph 1 ,  ident i f i es the mes 
qu i te bosque commu n i ty as a we t l and hab i tat occurr i ng 
a long the Santa C ruz R i ve r  and i n  the B raw l ey Wash . Howeve r ,  
i n  Append i x  C ,  the d i s cuss ion of Execu t i ve Order 1 1 9 9 0  
( Wetl ands protect i on )  s tates that n o  we t l ands occur i n  the 
Phase B v i c i n i ty .  If the me squ i te bos que commu n i ty ( con t a i n
i ng three r ipar i an pl ant assoc i a t ions ) i s  a we t land ( se asonal 
or otherw i s e ) ,  then the d i s cuss ion of EO 1 1 9 9 0  in Append i x  
C should re f lect th i s .  Should th i s  we t l and commu n i ty be 
impac ted by any of the a l t e rnat i ves , the p roj ect mus t  comp ly 
w i th Sect i ons 2 3 0 . l 0 ( a ) ( 3 )  and 2 3 0 . 1 0 ( c ) ( 1- 3 ) of the 4 0 4 ( b ) ( 1 )  
Gu ide l i ne s . 
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2 .  Severa l  spe c i e s  o f  wate rfow l  a re ident i f ied on page 3 4  as 
occurring i n  the Phase B a re a .  Howeve r ,  Append i x  D states 
that no waterfowl mi grat i on , breed ing or nes t i ng a reas e x i s t  � 
a long the a l i neme nt of the Wes t  S i de plan . The d i s cuss ion 
of impacts to waterfow l  habi tat s hould inc lude an ana lys i s  
of a l l  a l ternat ive s , not j us t  t h e  age ncy proposed ac t i on . 

3 .  On page 3 4 , under Construc t i on Impact Ana lys i s , pa rag raph 3 
states that desert wash vege tat i on downs tream of the aqueduct 
wou ld be l os t ,  due to loss or reduc t i on of f lood f lows f rom jr 
dra i nage protect ive s truc ture s . I t  i s  not c lear which 
vegetat ive assoc i a t i ons would be impacted . An es t imate of 
the amount ( i n acre s ) of vege tat ion potent i a l ly los t f rom 
f lood f low reduct i on shou ld be pre s ente d .  

4 .  O n  page 3 4 ,  unde r Const ruc t i on Impact Ana lys i s , and page 
4 2 , under Compara t ive Ana lys i s  of Alinements , the d i scus s i on 8 of impac ts should ident i ty the loss of vegetat ion ( i n 
acres ) for each of the seven na tura l vegetat ive commun i t i e s , 
and for a l l  a lternat ive s . Th i s  i s  espec i a l ly important under 
Sect ion 4 0 4 , for the mesqu i te bosque and mi xed r ip a r i an 
associat ions . 

5 .  Sect ion 2 3 0 . l 0 ( c ) ( 1- 3 ) of the 4 0 4 ( b ) ( 1 ) Gu ide l i ne s  proh i b i ts 
the d i s charge of f i l l  mate r i a l  wh i ch w i l l  have s i g n i f i ca n t  

9 adve rse ef f ects on f i sh and w i ld l i f e  or wh ich w i l l  res u l t  i n  
s i g n i f i cant loss of the i r  hab i ta t s . The mixed r iparian 
wood land r i ver habitat has been ident i f ied i n  the Draf t EIS as 
hav i ng the g reates t song b i rd dens i ty and g reates t numbe r of 
spec ies . Howeve r ,  the amount ( i n acres ) of ripar i a n  vegetat i on 
l os t  whe re the proj ect a l i nement crosses the Sa nta Cruz River 
has not been ident i f ied , bu t shou ld be i n  the F i nal E I S . 

Sect ion 2 3 0 . l 0 ( d )  of the Gu i de l i ne s  prohi b i ts placement o f  
f i l l  un less approp r i ate a n d  pract i cable s teps have been 
taken wh i c h  w i l l mi nimi z e  potent i a l  adve rse impa cts . 
M i t i gat ion wh i ch wou l d  mi n im i z e  adve rse impacts to r i p a r i an 
vege tat i on and associ ated w i ld l i f e  hab i ta t  a long the Santa 
C ru z  Rive r should be i nc l uded in the F inal E I S .  

6 . O n  page 8 9 , under Cons truc t ion Mate r i a l s , the potent i a l  
impact t o  r ipar i an o r  wet la nd commu n i t i es f rom the mi n i ng 1() of construct i on mate r i a l s  i n  borrow a reas along the Santa 
C ru z  River shou l d  be d i scussed . 

A i r  Qua l i ty Comments 

1 . The Dra f t  E I S  doe s not adequate ly port ray ex i s t i ng a i r  
qua l i ty i n  the Tucson Area . An accurate desc r ip t i on of 1 1  e x i s t i ng a i r  qua l i ty cond i t i ons i s  important i n  evaluat i ng 
the potent i a l  s ign i f i cance of proj ect re lated em iss i ons . 
The F i nal E I S  mus t  i nc lude : 
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a .  A t  a min imum , nume r i ca l  d a t a  o n  po l l utant conce ntra t i ons 
for : total s uspended part i cu lates ( TS P ) , carbon monoxide 
( CO ) , n i t rogen d iox ide ( N02 ) '  s u l f ur d iox ide ( S02 ) and 
hydrocarbons ( HC ) , for the three mos t  recent years . 

b .  The Nat iona l Amb ient A i r  Qua l i ty Standards ( NAAQS ) 
( i nc lud i ng the ave rag i ng pe r i od ) for e ach of these 
pol lutants , a nd the numbe r of t ime s each s tandard wa s 
v iol ated i n  the three mos t  recent yea rs . 

2 .  Regard i ng the d i s cuss i on i n  the Dra f t  E I S  on TSP , the 
fo l low i ng i s sues mus t be addre s s ed : 

a .  The 1 9 8 3  annua l ne twork geome t r i c  mea n  for TSP i n  the 
Tucson area was st ated as 5 3  ug/m3 • - Network - me an 
should be d e f i ned . The F i na l  EIS shou ld a l so i nc lude the 
24 hour TSP s tandard , as we l l  as the annual geome t r i c  
mean TSP standard . 

b .  Wh i le the DE I S  does pred i c t  an i ncreas e i n  amb ient 
part i cu late conce ntrat ions of 1 2  to 1 7  ug/m3 , i t  doe s 
not i nd i cate what pro j e c t  TSP emi s s i ons w i l l  be . Also , 
i t  i s  not c le a r  whether t he pre d i c ted i nc reas e i s  
w i t h  or w i t hout m i t igat ion . 

c .  The DEIS recommends that dust cont rol me asure s  be 
implemented by the cons truc t i on contractor . The leve l  
o f  dust cont rol i s  not addressed . I n  v i ew o f  the 
pote nt i a l  i nc rease of 12 to 1 7  ug/m3 pred i cted in the 
Dra f t  E I S , an i ntens i ve leve l  of dus t cont rol may be 
necessary to avo i d  further v i olat i ons of the Federal 
pr imary a nd s econdary standards . The F i nal E I S  should 
des c r i be the leve l  of dus t  contro l  ne cessary to comply 
w i th the TSP s tandards . 

3 .  The i ncremental em i s s ions of othe r NAAQS po l l utants f rom 
cons t ruct ion ( CO ,  N02 , He and S02 ) should be asse ssed . 
I f  determ i ne d  not to be s ign i f i cant , the F i nal E I S  should 
support t h i s  conclus i on . Whe n  assess i ng the s ign i f icance 
of the proj e c t ' s  impacts on a i r  qua l i ty , cons ide rat i on 
shou ld be g i ve n  to : 1 )  the prox imi ty of cons t ruc t i on to the 
Tuc son Met ropo l i tan Area - cons t ruct ion c lose to the c i ty 
hav i ng g reater impact , 2 )  the w i nd d i re c t ion and w i nd speed 
in the a re a , 3 )  the amount of each pro j e c t  re lated po l lutant , 
4 )  the a t t a i nmen t  s tatus of each pol lu t an t , and 5 )  the 
probab i l i ty of s tandards v io l at i ons res u l t i ng f rom project 
emi s s i ons . 

4 .  The Dra f t  E I S  doe s not addre s s  emi s s ions f rom the gene ra t ion 
of powe r requ i re d  for pump i ng .  The F i nal E I S  shou ld i nd i cate 
whe re the powe r source i s  located i n  re l a t ion to the Tucson 
a re a .  I s  there an expected i n c rease i n  fue l consumpt ion to 
pro v i de the i nc re ased e le c t r i c a l  powe r? I f  so , what i s  the 
i nc rease e xpected to be ? I f  a s i g n i f i cant i nc re ase i s  
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e xpected , then the F i nal E I S  should quant i fy the em i s s i ons 
i nc rease i n  S02 and TSP . 

5 .  The F i nal E I S  shou ld docume nt contac t w i th the P ima Assoc i a t ion 
of Gove rnments rega rd i ng the cons i s tency of the proj ect 
wi th the assumpt ions for popu l at i on , emi s s ions and t ranspor-
tat ion used in the S tate Implementa t i on P lan , the Nonatta i nme nt 1:1 
Are a P lan and the Reg ional Transport a t i on P l an . The popu lat i on , 
i ndust r i a l deve lopme nt and comme rc i a l  act i v i ty that w i l l  be 
served by CAP water mus t  be taken i nto account i n  a i r  
qual i ty pl ann i ng assumpt ions for the area . 
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S(MtARY OF RATING DEFINITIONS AND FOruM-UP ACl'ION* 

Env ironnental Impact of the Action 

ID-Lack of Objections 
The EPA review has not identified any potential env ironnental imP3Cts requir ing 
substantive changes to the �o(X)sal. The rev iew may have disclosed opportll'1ities 
fex awl ication of mitigation measures that could be accanpl ished with no mc:re than 
minor changes to the �o(X)sal . 

B:-Elwironnental Cax:erns 
The EPA rev iew has identified em irormental impacts that soould be avoided in exder 
to fully �otect the em irorment. Corrective measures may require ctlan:Jes to the 
�eferred alternative or appl ication of mitigation measures that can redl.l::e the 
em ironnental im�t. EPA lDUld like to work with the le� agency to redlCe these 
im�ts. 

�Elwirormental Objections 
The EPA review has identified significant e� ironmental imp:lcts that must be avoided 
in exder to p:OIide a:3equate p:otection for the emironnent. Corrective measUl:"es may 
require sub;tantial changes to the �eferred al terrtative or consideration of sc::rte 
other Iroject alternative ( incloo iB] the no a=tion alternative or a new alternative ) .  
EPA inteoos to \«)rk with the lead agency to redl.l::e these imp:lCts. 

EO-Elwironnentally Unsatisfactaty 
The EPA review has identified �erse env ironnental imp:lCts that are of suffic ient 
magnitl.rle that they are unsatisfa=tory fran the staOOpoint of public health or 
welfare or env irormental qual ity. EPA inteoos to wxk with the lead agency to redl.l::e 
these im�ts. If the potential unsatisfa=tary im�ts are not corrected at the final 
EIS stage , this pro(X)sal will be recatmeooed for referral to the CE1J. 

Adequacy of the Impact Statement 

category I-Adequate 
EPA believes the draft EIS aJequately sets forth the env irormental impact( s) of 
the p:eferred alternative aoo tOOse of the alternatives reasonably available to the 
Iroject or action . N:> fUl:" ther analysis or data collection is necessary, but the 
rev iewer may suggest the a:3d ition of clarifyiB] laBJuage or- infocnation . 

category 2-Insufficient Information 
The draft EIS does not contain sufficient information for EPA to fully assess 
em irormental im�ts that soould be avoided in order to fully protect the emironnent , 
or- the EPA rev iewer has identified new reasonably available alternatives that are 
within the spectrt.l1l of alternatives analyzed in the draft ErS ,  which could redl.l::e 
the emironnental im�ts of the action. 'I1le identified aJditional information , data , 
analyses , or discussion should be inclooed in the final EIS. 

category 3-Inadequate 
EPA does not bel ieve that the draft EIS adequately assesses potentially significant 
em ironnental im�ts of the action ,  or the EPA reviewer has identified new, 
reasonably available alternatives that are outside of the spectrt.l1l of alternatives 
analyzed in the draft EI S ,  which soould be analyzed in order to redlCe the 
(X)tentially significant em ironnental imp:lC ts. EPA believes that the identified 
additional infexmation, data , analyses , or discussions are of sl.l::h a magnitl.rle that 
they should have full publ ic rev iew at a draft stage . EPA does not bel ieve that the 
draft EIS is adequate for the purposes of the NEPA and/or Section 309 rev iew, and e thus soould be fomally rev ised and ma3e available for publ ic carrnent in a suwlemental 
or rev ised draft ElS. On the msis of the potential significant imp:lCts imolved , 
this pro(X)sal could be a caooidate for referral to the CEX). 

*Fran : EPA Mamal 1640 Policy and Procedures for the R:!view of 
Federal Pctions Im�tiB] the Erw irorment 
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Response to Comments 
U .  S .  Envi ronmental Protection Agency 

33-1 Recl amati on i s  fu l ly  awa re of and has i nvest i gated the 
advantages , i n  terms of water qual i ty ,  of b ur ied p i pe l i ne i n  
compari son to open cana l . These advantages however ,  do not 
j u sti fy the add i t i ona l expense i nvol ved i n  max imi z i ng the u se of 
bur ied p i pe .  Extens i ve i nvesti gati ons by Recl amation , ta k i ng 
i nto account a l l factors i ncl ud i ng economi c  j u st i f i cat ion , has 
l ead Recl amat ion to choose the proposed act ion presented i n  the 
Tucson Aqueduct Phase B Envi ronmenta l Impact Statement .  

33-2 The des i gn for conveyi ng s urface water across the canal  i s  to 
u se the d i ke system to deta i n  and regu l ate the fl ows at the 
overchutes to outfl ow that cou l d  be expected on the s i te wi thout 
the cana l , for a 100-year  6-hour storm or a 3-hour thunderstorm 
wh i ch ever has greater run-off . The outl ets from the overchutes 
wi l l  have energy d i s s i pators constructed to br i ng the water to a 
vel oc i ty that i s  not conduc i ve to downstream eros ion . Th i s  
des i gn wou l d  precl ude any cost o f  fl ood control bei ng a d i rect 
resu l t of the canal  constructi on wh i l e  prov i d i ng fl ood control 
for these areas between the overchu te structures and downstream 
of the canal . 

33-3 A dec i s i on has been made to put that port ion  of  the aqueduct from 
the l ast pump i ng p l ant to the aqueduct terminus  i nto p i pel i ne .  
Th i s  wi l l  e l im i nate any poss i b i l i ty o f  contami nants be i ng b l own 
i nto an open cana l from the three open p i t  copper mi nes and three 
ta i l i ngs  ponds l ocated near the end of Phase B of the Tucson 
Aqueduct . 

33-4 Concrete p i pe ,  wh i ch i s  p l anned to be used for a l l sections  
requ i ri ng pi pe on Phase B of the  Tucson Aqueduct , has very l ow 
potent ia l  for l eakage . Usua l ly any l eakage i s  restri cted to the 
p i pe j o i nts and current construct ion methods l im i t  normal  l eakage 
to very mi n imal amounts . For a l l practical  purposes , l eakage 
from any bur ied p i pe a l ong the aqueduct may be assumed to be zero 
duri ng  normal operation . Shou l d  unusual  l eakage occur ,  such as 
joi nt separat i on or p i pe fa i l u re ,  the soph i st i cated fl ow 
mon i tori ng  system a l ong the cana l wi l l  be ab l e  to detect the l oss 
of abnorma l amounts of  water .  Early detect i on wi l l  a l l ow the 
s i tuat ion to be rect i f i ed before a s i gn i fi cant quanti ty of water 
wou l d  be l ost .  

33-5 Brawl ey Wash does not meet the cri teria  of a wetl and . I t  does 
not support predom i nantly hydrophytes , the substrate i s  not 
predomi nantly undra i ned hydric  soi l  nor i s  the substrate non-so i l  
that i s  saturated wi th water o r  covered by shal l ow water a t  some 
t ime duri ng the growi ng season of each year ,  ( Executive Order 
11990 ) .  In add i t ion , no a l ternat ives cross Brawl ey Wash  and 
sheet fl ow and desert wash fl ow i nto Brawl ey wi l l  be ma i nta i ned 
wi th cross-dra i nage structures . No i mpacts wi l l  occur to Brawl ey 
Wash . The Santa Cruz R i ver south of  Tucson i s  an i ntermi ttently 
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fl owi ng waterway , dependent upon seasonal ra i nfal l .  North of 
Tucson , where the CAP crosses i t ,  i t  becomes a perenn i a l stream 
because of sewage effl uent d i scharged from the sewage treatment 
p l ant . Al though on ly  a narrow stri p of hab i tat exi sts now wh i ch 
i s  g reatly impacted by l and al terations , th i s  vegetation has 
potenti al  to become h i gh val ue  hab i tat i f  the sewage effl uent 
fl ows are ma i nta i ned . Al l al ternati ves except the no Federa l 
act ion p l an i nvol ve a p i pe l i ne under the Santa C ruz R i ver .  The 
aqueduct wi l l  pass under the Santa Cruz R i ver .  Several dozen 
sma l l trees and one l arge cottonwood wou l d be impacted . 
M i t i gati on commi tments wi l l  i ncl ude the revegetati on of any 
hab i tat di sturbed by construct i on .  The fl ows i n  the r i ve r  may be 
temporari ly  d i s rupted by aqueduct constructi on but wi l l  not be 
al tered permanently . Any ri pari an vegetati on that i s  l ost duri ng 
construct i on wi l l  be re-estab 1 i shed through s u i tabl e  revegetation 
techn i ques . No permanent or l ong-term impacts wi l l  occu r to th i s  
wetl and hab i tat . 

33-6 The water b i rds l i sted i n  Chapter I I I  occur on ly  sporad i ca l ly i n  
the Phase B area , usual ly  at waste water treatment ponds i n  the 
a rea . These ponds wi 1 1  not be affected by any of the 
al ternati ves . 

33-7 Al l vegetation assoc i at ions wou l d  be impacted . Vegetati on 
potenti al ly l ost has not been quanti f ied .  However ,  i t  i s  
estimated that the l oss of hab i tat qual i ty downstream of the 
aqueduct caused by temporary retent i on of fl ood fl ows beh i nd 
aqueduct d i kes wi l l  be compensated for by an i ncrease i n  habi tat 
qual i ty u pstream due to the extra mo i stu re prov i ded i n  th i s  area . 
State and Federa l wi l d l i fe agenc i es have recommended that th i s  
"green-up "  area upstream o f  the d i kes b e  fenced to precl ude 
cattl e graz i ng  and further  offset the downstream impacts . 

33-8 A tab l e  was i ncl uded i n  the Fi sh  and Wi l d l i fe Coord i nat ion Act 
Report wh i c h  d i spl ayed areas of hab i tat types permanently l ost to 
project al ternati ves . The data was used to determ ine project 
i mpacts and i s  on fi l e  at Rec l amati on and FWS . 

33-9 The amount of riparian  vegetation impacted by the p i pel i ne under 

33-10 

33-11  

33-12 

the Santa C ruz wi l l  be l ess that 1 acre and i nc l udes one l arge 
cottonwood tree and several dozen sma l l sal t cedar and wi l l ow 
trees . 

I f  borrow areas are sel ected a l ong the Santa Cruz R i ver they 
wi l l  be confi ned to the ri ver  bed and wi l l  not impact adjacent 
bank 1 i ne r i parian hab i tat . 

The a i r  qual i ty secti on has been rewri tten to addres s comments 
1 ,  2 ,  3 ,  and 5 .  

The Navajo Generating Stati on i s  an authori zed featu re of the CAP 
to p rovide the e l ectri cal power needed to pump Col orado Ri ver 
water form Lake Havasu to central and southern Ari zona . Th i s  
pl ant i s  l ocated a t  Page , Ari zona and con s i sts o f  three 750 
megawatt coa l -fi red generat i ng u n i ts . Navajo i s  co-owned by 5 
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33-13 

u ti l i ti es and the Un i ted States , wi th Sal t  Ri ver Project be i ng the 
operati ng agent . Federal ownersh i p  i s  24 . 3  percent of p l ant output , 
both energy and capac i ty .  The p l ant i s  presently i n  fu l l  serv i ce .  
Env i ronmenta l  i mpacts of the generati ng stati on are addressed i n  the 
Fi nal  Envi ronmental Statement , Navajo Project , F ES 72-1 ,  dated 
February 4 ,  1972 .  

See response to comment 33- 1 1 . 
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Responses to Comments 
Ju l i et Stavel ey 

34- 1  There were many al ternat ives stud i ed for del i very of water to 
Tucson wi th one of the fi rst studi es bei ng al ong the o l d h i ghway 
before the freeway . When the economics  of al l p l ans are compared 
the open canal  general ly i s  the most cost effective .  The 
env i ronmenta l  as pects are i ncl uded i n  th i s  compari son to the best 
of our ab i l i ty .  Al though it appears that the pi pel i ne shou l d  be 
cheaper due to the l ack  of evaporation , ma i ntenance and cross 
dra i nage the cost i s  refl ected i n  the pump i ng head requ i red to 
push the water through the p i pe wh i ch i s  rough ly  15 t imes greater 
than through a canal . 
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35 
THE ARIZONA-SONORA DESERT MUSEUM 

- A Uv'ng Museum - OFRCIAl RLE COPY 
ROUTE 9, BOX 900 TUCSON, ARIZONA 85143 TEL. (602) 883-1380 

DAN DAVIS, Director 
U.S. Bureau of Reclamation 

lower· Colorado Region 
AECBVED FEB l 1 1CUl5 A February 7 ,  1985 

ActIOn 
Action liken 111.1 •• 

o.ee 'lIIIitN TO 
-" Regional Environmental Officer 

Lower Colorado Region 1... r1 .VI¥ lS0 
U .S .  Bureau of Reclamation 
Box 427 

Boulder City. Colorado 89005 

Dear Sir: 

Re: TUCSON AQUEDUCT - PHASE B 
CENTRAL ARIZONA PROJECT 
INT DES 84-68 

v \ " \ 

All 

Thank you for supplying us with a copy of subject document. We appreciate the opportunity 
to comment. 

The agency proposed action (West Side Plan) obviously has the positive attribute of con
flicting least with the interests of private landowners and public land managing agencies 
in the area. It also has the negative aspect of resulting in very serious impacts on wildlife 
and rare or endangered plants. Other alternatives create less serious impacts primarily 
because more pipeline is proposed instead of aqueduct, permitting much less habitat destruc
tion along the right-of-way and the eventual restoration of vegetation. 

We believe that greater consideration should be given to the use of pipeline in the agency 
proposed action. 

Our specific comments follow: 

1. We strongly object to the construction of an above-ground surge tank at or 

._--

near the proposed location of the Brawley Pumping Plant. A surge suppression system 
constructed adjacent to the pumping plant structure and which is not visible to the Desert 1 
Museum by virtue of its being constructed below natural grade is much preferable. It 
is our understanding that such a system has been preliminarily designed and will function 
appropriately. 

2. We are extremely concerned about the visual impact of the open canal leading 
to the Brawley pumping station, particularly the area of significant cut and spoil disposal. 
Our primary concern is in the method of disposal of spoil material adjacent to the excava
tions and its aesthetic impact on the view from the Desert Museum. We would much prefer 
that most or all of the spoil material be removed from the site and disposed of elsewhere. 
Any spoil material left on site and exposed surfaces of the cut slopes visible to the Museum 
or Saguaro National Monument should be constructed so as to be conducive to reve etation. 

e revegetation pro v e a a part 0 the project should significantly enhanced over 
that used in the past. The Desert Museum's staff stands ready to assist the Bureau in 
any way it can to reach these objectives. 
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3. Mechanical and electrical equipment. including power lines. and any concrete 
structures or buildings exposed to view should be painted in a manner to minimize their 
visual impact. 

4. We strongly advocate the purchase of the four and one-quarter square mile 
wildlife corridor as proposed. In order to be an effective migratory route for wildlife. 
the open canal through the wildlife corridor must be replaced with pipeline. 

5. We do not support any canal alignment which m ight cause the disruption or 
modification of existing traffic routes in the area west of the Tucson Mountains so as 
to cause additional traffic to be placed on Kinney Road. Kinney Road is a low speed scenic 
route primarily for access to Tucson Mountain Park. Saguaro National Monument. Old 
Tucson and the Desert Museur.1 and should not be required to accommodate additional 
through traffic. 

6. The Desert Museum requests the inclusion of additional wildlife crossings on 
all of the reaches of open canal. We support construction of additional wildlife watering 
locations as mitigation for the disruption caused by the canal. 

7. We support the inclusion of a trail system along the project right-of-way. 

We will appreciate your careful consideration of these points. and trust that you will make 
the final decisions on the basis of what is best for all concerned rather than on cost alone. 
The Board of Trustees and Advisory Council of The Arizona-Sonora Desert Museum unani- a mously approved the enclosed Resolution at its January 22.  1985 meeting. _ 
Sincerely yours. 

DB/PC:jtm 

Enc. 

1 

,,� { .  j,.,..�,,�.-/ 
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President 
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R B S O L U T I O N 

ARIZONA-SONORA DESERT MUSEUM 
BOARD OF TRUSTEES' MEETING 

JANUARY 22,  1985 

WHERBAS The Arizona-Sonora Desert Museum is known nationally 

and abroad as a unique exposition of the beauty of the Sonoran Desert in Arizona 

and Mexico, and 

WHBRBAS maintaining the quality of its natural setting in Tucson 

Mountain Park and adjacent to Saguaro National Monument is essential to 

effective accomplishment of its education and conservation mission, and 

WHBRBAS the Tucson Aqueduct, PHASE B, of the Central Arizona 

Project will permanently affect the vistas from the Museum grounds and strongly 

impact wildlife of the area and native vegetation, 

NOW THBRBFORB BB IT RBSOLVBD that the Board of Trustees 

of The Arizona-Sonora Desert Museum requests the U.S.  Bureau of Reclamation 

to carefully weigh the consequences of its proposed actions to the environment 

of Avra Valley and the Desert Museum and favorably consider placing that 

portion of the project which traverses the corridor proposed for wildlife and 

plantlife impact mitigation in underground pipeline so as to permit the free 

movement of wildlife across the corridor between Tucson Mountain Park and 

the Papago Indian Reservation. 

AND BB IT FURTHER RBSOLVBD that in planning the Brawley 

Wash pumping station serious efforts be made to harmonize the installation 

with its environment and reduce its visual impact as seen from the vicinity 

of the Desert Museum. 
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Responses to Comments 
The Ari zona - Sonora Desert Museum 

35 -1 The present des i gn i s  to use  an a i r chamber surge control at the 
Brawl ey pump i ng p l ant in p l ace of the ta l l  s urge tan k  on the 
d i scharge l i ne downstream of the pump p l ant .  Th i s  system wou l d  
not b e  v i s i b l e  from the su rround i ng area . Th i s type structu re i s  
pl anned for Snyder H i l l ,  B l ack  Mounta i n ,  and San Xav i e r .  Pumpi ng 
P l ants a l so . Twi n  Peaks and Sandario  Pump i ng P l ants wi l l  not 
requ i re s urge control . 

35-2 The p l an to d i spose of the s po i l from the pump i ng pl ant 
excavations  is to u se it in the constructi on of the canal and 
d i kes adjacent to the excavation . That materi al  i n  excess of 
that requ i red wou l d  be wasted by wi den i ng the ma i ntenance road 
and d i ke rather than bu i l d i ng a l arge embankment adjacent to the 
excavation s i te .  The d i kes and outs i de of the road areas that 
are u sed for spo i l  s wou l  d be l eft i n  a rou ghened and/or gr ided 
cond i ti on to control the runoff and eros i on and to fac i l i tate the 
natura l  revegetat ion . 

35-3 See response to comment 20-9 .  

35-4 We agree w i th th i s  suggestion  and wi l l  pa i nt or sta i n  h i gh l y  
vi s i b l e  concrete canal structu res such a s  br idges , and 
overchutes , and steel structures such as  p i  pe overchutes , check 
gates , etc . . The power transm i s s i on l i nes wi l l  use wood-po l e  
structu res , wh i c h  experi ence has taught are better l eft 
unpai nted . ( see response to comment 20-7 ) . 

35-5 Your support for the wi l d l i fe corr idor has been noted and the 
comment i s  ava i l ab l e  to dec i s i onmakers . See response to Comment 
23-2 regard i ng pi pel i ne and the wi l d l i fe corr i dor .  

35 -6 The des i gn of the aqueduct through the area has  been coordi nated 
wi th the P ima County H i ghway Depa rtment wi th a l l major roads 
bei ng kept open . There i s  al so prov i s i on for add i ti onal 
cros s i ngs  i n  the futu re shou l d  the need ari s e .  W i th these 
prov i s ions  there s hou l d  be no i ncrease i n  the traff i c  al ong 
K i nney Road as a resu l t  of the Tucson Phase B .  

35 -7 See response to comment 18-7 .  

35-8 Your support of the tria l  system has been noted and the comment 
i s  ava i l ab l e to dec i s i onmakers . 
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PIMA COUNTY 
PLAN N I NG AND ZONING DEPARTM ENT 

1 31 WEST CONGRESS STREET 

FEB 14 1985 

ROBERT C. JOHNSON DIRECTOR 
TUCSON. ARIZONA 85701 PH. 792-8361 

February 1 3 ,  1 985 

Bruce El l i s 
Un i ted States Bureau of Recl amati on 
P O Box 9980 
Phoen i x ,  AZ 85068 

RE : Comments on the Draft Envi ronmental Statement,  Phase B .  

Dear Mr. E1 l i  s ,  

The fol l owi ng are comments on the Draft Envi ronmental Statement for Phase B o f  
the Central Ari zona Project that express concerns and i ssues affecti ng Pima 
County .  

1 .  A more compl ete and deta i l ed breakdown of costs needs to be 
provi ded.  Thi s  shoul d i ncl ude not onl y breakdowns as to the costs 
for parti cul ar aspects ( i . e .  acqui s i ti on costs ,  aqueduct costs , 
pi pel i ne costs , mi ti gati on measure s ,  etc . ) ,  but shoul d al so di scuss 1 the costs rel ated to vegetati ve and cul tural l osses , evaporati on , 

2 .  

and transportati on/access di srupti on . Whi l e  these l atter are 
admi ttedly di ffi cul t to quanti fy ,  they do represent actual costs of 
the project and shoul d be di scussed in that l i ght. A more detai l ed 
cost breakdown i s  essenti al to better analyze the impacts o f  the 
project and the advantage s and di sadvantages of the various  
al ternati ves . 

2 
3 

3.  The West Side Pl an does show a pi pel i ne runni ng from the Brawl ey 
Pumpi ng Stati on (approxi mately 3 mi l es northwest of Mi l e  Wi de Road ) 4 to a poi nt j ust south of  Mi l e  Wi de Road near Sandari o Road. From 
here , i t  woul d become an open canal . The canal woul d run through 
the proposed wi l dl i fe movement corri dor whi ch i s  about 1 /2 mi l e  
south of where the canal begi n s .  
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Comments of  the Draft Envi ronmental Statement ,  Phase B 
Page Two 

5 

6 

7 

8 

9 

10 

Impacts to wi l dl i fe woul d cl early be reduced i f  the pi pel i ne was 
extended through the corri dor , yet the draft Envi ronmental Impact 
Statement gi ves no reason why the pi pel i ne coul d not be extended . 

4. A di s tri buti on system wi l l  need to be constructed . The draft 
E. I . S .  does not descri be the system , nor i ts impacts or costs . 

5. The proposed al ternati ve wi l l  seri ousl y di srupt access i n  the 
Southwest Area and wi l l  effecti vely cut the area i n  hal f.  Access 
to the wes tern hal f of the area wi l l  be possi bl e  onl y al ong 
Val enc i a  Road , Aj o  Hi ghw� and Bopp Road ( the l atter only to about 
1 mi l e  east of San Joaqui n  Road ) . Los Rea1 es Road wi l l  be cut off 
1 /2 mi l e  west of Mark Road as no bri dge i s  p1 anned . The canal wi l l  
cross and run al ong Snyder Hi l l  Road just east o f  San Joaqu i n  Road , 
maki ng access to both the Avra Val l ey WWTF and the Industri al -zoned 
l and north of RYan Ai rfi el d possi bl e only from the west. 

6 .  The proposed al ternati ve wi l l  permanently destroy more vegetati on 
and affect 1 8 , 000 more Thornber ' s  cactu s  (a threatened speci e )  than 
the Sandari o-San Joaqui n  al ternati ve ; and , i n  fact ,  the proposed 
al ternati ve wi l l  a ffect the densest stand o f  cactus i n  the area . 

7 .  The breakdown of  costs states tha t  the sum to be spent for 
b i ol ogi cal mi ti gati on i s  the "maximum mi ti gati on expendi ture . " 
Thi s i s  important not onl y  because i t  means that some impacts may 
not be mi ti gated but, more importantly ,  means that the wi l dl i fe 
corri dor m� not be purchased. The draft E. I . S .  states that i f  
addi ti onal funds must be spent on protecti ng threatened and 
endangered species , then other measures i ncl udi ng the wi l dl i fe 
corri dor may have to be sacri fi ced. The two i ssues are separate .  
Th reatened and endangered speci es shoul d b e  protected , and wi l dl i fe 
shoul d be protected .  One shoul d not be sacri fi ced for the other. 
Any necessary addi ti onal funds to protect endangered species and 
provi de a wi l dl i fe movement corri dor woul d be wel l spent. 

8 .  The draft E. I . S . states tha t  revegetati on wi l l  take up to 30 years 
i n  most areas ,  whi l e  some areas wi l l  not revegetate for 
substanti al l y  l onger peri ods of time .  These l atter areas need to 
be del i neated. Further,  i f  mi ti gati on funds run out or pri ori ti es 
change , does th i s  mean that vegetation efforts wi l l  stop {wi th the 
resul t that i nvader speci es such a s  the Russi an thi stl e wi l l  
domi nate } ?  The proposed al ternati ve wi l l  di sturb more l and than 
the other al ternati ves , and the impacts wi l l  be far greater. 
Di sturbance wi l l  be increased si nce fi ve spoi l s  areas wi l l  be 
c reated { 8  feet hi gh and up to 2 . 5 mi l es l ong and 560 feet wi de } .  
These areas are hi stori cal ly far more di ffi cul t to revegetate . 

9. The negati ve i mpacts rel ated to aestheti cs wi l l  be far greater wi th 
the proposed al ternati ve . The canal wi l l  be l i ned wi th barbed 
wi re-top ped chai n l i nk fences ,  earthen dike s ,  and spoi l s  areas .  
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Comments of the Draft Envi ronmental Statement , Phase B 
Page Three 

Thi s i s  important for both aestheti c val ues and for the effects i t  
may have on the qual i ty ,  type and marketabi l i ty of devel opment i n  
the vi ci ni ty .  In  addi ti on , al l al ternati ves wi l l  requi re power 
transmi ssion l i nes .  No study i s  done to determi ne i f  these coul d 
be pl aced underground.  

1 0 . Fl oodwater retardi ng structures wi l l  create fl oodi ng impacts ,  
i ncl udi ng damage to natural channel s and drai nageways.  These 
impacts are never descri bed. A 6 foot h i gh chai n l i nk fence (even 1 1  wi th overchutes ) wil l create a dammi ng effect wi th potenti al l y  
severe impacts . A di scussion of thi s  i ssue , i ncl udi ng how the 
overchutes wi l l  provi de suffi cien t  cross drai nage duri ng major 
fl ood events , shoul d be provi ded. 

1 1 .  The draft E. I . S . states that opportuni ti es for recreati on wi l l  be 
better wi th the proposed al ternati ve because adj acent property can 
be used i n  conj uncti on wi th ri ghts-of-way not used for roads , dikes 
or the canal . However,  the pi pel i ne wi l l  necessi tate l ess 1� ri ght-of-way and the l an d  can be used for recreati on regardl ess of 
ownershi p  (al so , more l an d  for recreation woul d be avai l able  wi th 
the p i pel i ne ) .  Further ,  recreati on val ues wi l l  l i kel y be l ess  near 
a canal because of i ts unattracti veness , the presence of di kes and 
spoi l s  areas and the frequent unsui tabi l i ty of detenti on bas i n s  as 
recreati on a reas.  In  addi ti on , h i k i ng and equestri an trai l s  wi l l  
be di srupted . 

1 2 . The proposed al ternati ve wi l l  requi re open aqueducts crossi ng major 
hi ghways , parti cul arly Ajo Hi ghway and, to a l esser degree , 
Val enc i a  Road. As the area devel ops,  parti cul arly i n  the v i c i n i ty 
of Ryan Ai rfi el d ,  traffi c wi l l  i ncl ude that carryi ng hazardous 1:1 mater i al s .  Wh i l e  the chances of an acc i dent may be sl i ght , they 
are not non -ex i s tent and such spi l l s  or acc i dents coul d have 
di sastrous impacts . Measures to protect C. A. P water from such an 
occurrence need to be addressed . 

1 3 . The proposed al ternati ve wi l l  affect two times more the cul tural 
s i tes as wi l l  the Sandari o-San Joaqui n  al ternati ve . However ,  the � draft E. I . S . shows that the expendi ture to mi ti gate the i mpacts to 
cul tural resources i s  the same for al l the al ternati ves .  
Assurances that the West Si de Pl an wi l l  adequately mi ti gate the 
impacts to cul tural resources shoul d be provi ded . 

Thank you for you consi derati on of the above concerns.  

obert C. Johnson , Di rector 
Pl anni ng and Zoni ng Depa rtment 

RCJ/MF/cm 
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Response to Comments 
P ima County Pl ann i ng  and Zon i ng Department 

36- 1 Deta i l ed costs have been i ncl uded i n  the E I S  for acqu i s i ti ons , 
aqueduct costs , p i pe l i ne costs , m i t i gation measures , etc . I n  
terms o f  p l an formu l ation , we determi ned that the most 
appropri ate method for determ i n i ng cu l tu ral  and vegetat i ve l osses 
and transportation/access d i s ruptions was to u se the cost to 
mi t i gate for these ; the i r  costs are i ncl uded i n  the estimate . 
The cost of evaporati on can be eas i ly dete rmi ned by mu l ti p ly i ng 
the quanti ty of water l ost ( see Tabl e 25 ) t imes i ts va l ue ( $59 
per acre-foot for M & I water ) . 

36-2 A cost/benefi t ana lys i s  was done for the overal l Centra l  Ari zona 
Project . The dec i s i on was made earl i er i n  the p l ann i ng process  
not to prepare cost/benefi t ana lys i s for each feature of the CAP . 
Cost esti mates have been done and can be compared for each 
a l ternat i ve ( see Tab l e  2 ) . The benefi ts of a p i pel i ne a l ong 
Sandar io  Road wou l  d cons i  st of reduced envi ronmenta 1 i mpacts and 
these are descri bed i n  the E I S .  

36-3 See response to Comment 9-1 .  The Sanders - San Joaqui n 
Mod i f i cation P l an wou l d s k i rt the west s i de of Saguaro Nat ional 
Monument . 

36 -4 The extens i on of the p i pel i ne through the wi l dl i fe corri dor i s  
pos s i b l e but the cost enters i nto the p i ctu re i n  construction and 
pump i ng . I f the Bu reau i nves ted the add it i ona 1 money needed to 
bury th i s  section of the aqueduct , we bel i eve we wou l d  not have 
adequate j usti f icati on to purchase the corri dor ( see response to 
comment 23-2 ) . 

36-5 The d i stri but ion systems are not part of the Tucson Phase B as  
they are the respons i bi l i ty of the water u sers . The project wi l l  
provi de the turnout and measuri ng system . The users have the 
respons i b i  1 i ty beyond that poi nt .  These del i very 1 i nes shown on 
the drawings  are for i nformation on ly .  

36-6 The access to the area wi l l  be d i s rupted due to the canal 
constructi on . However ,  on comp 1 eti on of the system most of the 
roads that are now u sed wi l l  sti l l  be ava i l ab l e  i ncl ud i ng Snyder 
H i l l Road . As the devel opment cont i nues it wi l l  be pos s i b l e to 
add more cros s i ngs . The cros s i ngs wou l d  be l i ke any other  new 
road , those that want i t  wou l d pay for i t  i nc l ud i ng the br idges . 

36-7 You r statement i s  true . See response to comment 20-10 regard i ng 
the l i kely conservat ion measure to offset the l oss  of Mammi l l aria  
Thornberi . 

36-8 The termi nol ogy "max i mum mi t i gation expend i ture" has been 
del eted . See response to comments 29-2 and 29-3 .  
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36-9 

36-10 

36-1 1  

36-12  

36-13  

36-14  

See response to  comment 20-9 .  

As stated i n  the E I S , the aestheti c ( v i sual ) i mpacts are greater 
for the p roposed acti on than for any of the al ternati ves , s i nce 
i t  i s  predomi nantly open cana l . As to the effect of such 
aesthet i c  i mpacts on future devel opment in the v i ci n i ty ,  we may 
l ook at other portions of the CAP aqueduct system wh i ch are 
al ready i n  pl ace . In  devel opi ng  areas of north and northwest 
Phoen i x ,  where the Grani te Reef Aqueduct was constructed i n  the 
mi d-l ate-1970 · s ,  there has been no apparent effect on the rate 
of , or type of devel opment i n  the v i ci n i ty of the canal . 

The feas i bi l i ty of underground transmi s s i on l i nes has been 
eval uated in the fi nal E I S  ( s ee Chapter I I  E. 3 . ) .  

The hydrol og i c  des i gns are u s i ng two methods , one to deta i n  and 
regul ate outfl ow , the other to pas s  the fl ood unchanged wi th 
respect to s i ze and l ocat ion . W i th the detention d i kes , the 
fl ood water from several channel s wou l d  be co l l ected beh i nd the 
d i ke and the water wou l d  be a l l owed to start fl owi ng  through the 
cros s i ng structu res at the beg i nn i ng of the fl ood . The 
structures are s i zed to reduce the peak of the water fl ow i ng i nto 
the d i ke by stor ing  a port ion  of th i s  water for a short time .  The 
cros s i n g  structure i s  s i zed to match the l argest  fl ow that cou l d 
be expected from ei ther the 100-year 6 -hour genera l  s torm or the 
3-hour thunderstorm .  Th i s  s hou l d precl ude any damage that wou l d  
not be expected under the natural condi ti on .  The chai n l i nk 
fence descri bed i n  the E I S  wou l d  not be p l aced across the i n l et 
or outl ets to the cross i ng structures but ti ed to the head wal l s  
to provi de conti nu i ty of the wi l d l i fe protection . I f  a fence i s  
requ i red for domestic  an ima l  contro l , a breakaway barbed wi re 
fence wou l d  be i n stal l ed across the structure . Al so the cha i n  
l i nk  fence wou l d norma l ly  b e  p l aced between the d i ke and canal 
for wi l d l i fe protecti on wi th a standard barbed w i re fence on the 
ri ght-of-way upstream of the d i ke and the cha i n  l i n k  fence on the 
ri ght-of-way on the downstream s i de .  The downstream fence may be 
offset if the h i k i ng or equestri an trai l s  are l ocated on that 
s i de .  

See response to Comment 22-5 .  

The major cross i ngs  are such that the canal  i s  protected from 
contami nati on shou l d  a veh ic l e carryi ng these products cau se a 
sp i l l  at a cros s i ng .  The Ajo H i g hway wi l l  be i n  p i pel i ne for the 
cross i ngs near the Tucson treatment p l ant.  The Val enci a  Road 
cross i ng wi l l  i n  a l l probab i l i ty be a trapazo i dal  cross i ng wh i ch 
wi l l  be such that any spi l l s  wou l d have to spl ash several feet up 
and over the concrete wa l l s  of the structure . Most other 
cross i ng s  wi l l  be of th i s  same des i gn a l so . 

Fundi ng  for cu l tura l  resou rce m it i gati ve data col l ection  stud i es 
may be u p  to 1 percent of constructi on costs . Th i s  means that 
about $3 . 5  mi l l i on i s  ava i l abl e to mi ti gate i mpacts to 
s i gn i f icant cul tural  resources for the proposed West S i de Pl an .  
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A mi t i gati on pl an i s  be i ng proposed by the survey contractor ,  the 
Ari zona State Museum. It  wi l l  be the bas i s  for ou r mi t i gati on 
pl an wh i ch wi l l  be devel oped i n  consu l tat ion wi th the State 
H i stori c Preservat ion Office . 
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� 37 OffICIAl fIlE COPY 1 �f I I I  ARIZONA CHAPTER U.S. Bureau 01 Rec1amation 

� �� �  THE WILDLIFE SOCIETY LOWff_ Colorado Reaion 
P .O .  BOX 11135 

PHOENIX , ARIZONA 85017 
RECEMD FEB 20 1985 A 

� @ 
<>:r 
I I I 

,..,. 
AdIoft "'"  --

:i� �1 DICe ..... To 

Mr . William Rinne 
Regional Environmental Off ice 
Bureau of Rec lamation 
Box 427 
Boul der City , NV 89005 

Dear Bil l :  

1.1111 

PIa 
15 February 1985 

We have revi ewed the Draf t Environmental Impact Statement , Tucson Aqueduct 
Phase B - Central Ari zona Project , and offer the followi ng comme nt s  for your 
consideration . 

Although five alterna tives were presented including the requi red "No 
Action" alternat ive , we feel that only 3 of the alt ernat ives are viable . The 
Sandario and Sanda rio - San Joaquin alinements as pre sented are not viable 
because they pass through National Park Service land which has been committed 
to preservation , not cons truction . Therefore , the only viable choices offered 
in this DEIS are an ea st route in pipeline, a we st route that is primarily 
aqueduct , and no action . We believe that for such a ma jor federal action as 
Tuc son Aqueduct Phase B ,  additional viable alt ernat ives should be pre sented . 
The Bureau of Reclamation should issue a supplement to thi s DEIS and present 
an analysis of impacts and environmental consequence s for more than one west 
side alternative that is out side the boundaries of the Saguaro National 
Monument . If the transmi ssion line route for Sandario and Sandario - San 
Joaquin routes can avoid Saguaro National Monument , why can ' t  the water 
conveyance system also avoid the Monument ? 

We can support none of the construct ion alternatives as presented . Our 
preferred const ruction alternat ive on the west s ide of the Tucson Mountains 
would avoid Saguaro National Monument , include the endangered and threatened 
spec ies conservation plans , and require all the biological mitigat ion measure s 
discussed in thi s DEI S  including the land acqui sit ion for a wildli fe movement 
corridor and long-term monit oring of mitigation measure s . However ,  we insist 
that , at ma jor areas of wi ldlife movement , the water conveyance st ructure be a 
pipeline and not an open aqueduct with scattered wild life crossings . The se 
pipeline areas would include the west side of Saguaro National Monument , 
Tuc son Mountain County Park, and Black Mount ain on the San Xavier Indian 
Reservation . 
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Page 2 

We wish to point out that while fencing has been cons idered in thi s DEIS 
as a mi tigation measure to reduce wild life drowni ng losses , it  i s  also a 
required human safety measure to reduce human drowning incidents .  Simila rly , 
the locat ions labeled as wildlife crossings which are along current road 
alinements will actually be vehicle bridges over the aqueduct which may be 
used by wild li f e .  These struct ures should not be budgeted as wild life 
mitigation measures . 

Speci fic Comment s 

Summa ry , Page 2 ,  Table 1 - The physical charact eri s tics of the Indian delivery 
line and Avra Valley delivery line are provided but there i s  no 
informat ion provided on the del ivery line from Tucson Aqueduct Phase B to 
the water t reatment plant for the City of Tucson . Please provide thi s  
information . 

Summary , Page 3 ,  Table 2 - Footnote 1 does not appear on thi s  Table . 
Footnote 3 following "Mitigat ion - Biological" i s  incorrect and 

should be deleated . No maximum limit has been determined by congress ional 
legislation concerning biological mitigation costs for major f ederal water 
projects . Instead , a new footnote number should be subs tituted and 
followed by the phrase "estimated cost - mitigation plan is currently 
being developed with appropriate federal and s tate agencies . "  

Footnote 4 indicates formulation based on 100-year project life . We 
were under the impress ion that CAP , except for Regulatory Storage,  had a 
project life of 50 years . What i s  the project life of Tucson Aqueduct 
Phase B ,  50 or 100 years ?  If it is 50 years , thi s table need s to be 
revi sed using 50-year project lif e .  

Footnote 5 indicates thi s table includes both private and federal 
expenditure s . Please separate and show on thi s table those costs that are 
private and those that are federal . Private cos ts include those initially 
paid for by small Reclamation loan or s imilar loan syst em . Also , please 
ind icate the costs of the delivery line from Tucson Aqueduct Phase B to 
the Tucson water t reatment plant on the east s ide of the Tucson Mountains . 

Mitigation cost for biological and cultural resources i s  part of the 
construction cost and should be included as such . In thi s table i t  
appears a s  though mit igation is an addit ional cost besides cons truction 
and this is incorrect . 

Summary ,  Pages 6�7 , Table 3 and Alternative s Including the Agency Proposed 
Act ion , Pages 21-22 , Table 15 - Because biological mitigat ion i s  still in the 

formulat ion stages and the Bureau has not commit ted to it s implementation , 
we do not see how your agency can adequately assess impacts to nonfederal 
special status species after mitigation . Therefore , the Bureau should 
amend thi s table to show impact s with no mitigation and possi ble impact s  
after mit igation with the appropriate footnote similar t o  footnote 1 .  

Impacts under Special Status Specie s are not indicated a s  being 
adverse or beneficial . Please clari fy thi s . 
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The heading "Special Status Species Impact s  After Mitigation" should 
be amended to read " Special Status Species Impacts After Mitigation and 
Threatened and Endangered Species Preservation . "  

Please include acres of long term vegetation losses of the 5 
alternat ive s which range from 860 to 2005 acre s under the heading Biota . 

Summary , Page 10 , Paragraph 2 - Please provide an estimate of the number of 
deer and javelina which may be lost to drowning , exposure , and to movement 
severence on an annual bas i s  and then mult iply thi s  by the li fe of the 
project . The Bureau should be able to develop a reasonable worst case 
analysi s as requi red by CEQ based on dens ity and movement data gathered 
during biological studies on Tucson Aqueduct Phase B .  

Summary , Page 11 , Paragraph 3 - We were unaware that the purpose of CAP water 
was to supplement ground water . We thought CAP wat er was to be used as a 
subs titute for ground water to lessen ground water overdraf t .  

Summary , Page 12 , Paragraph 4 - Please provide a range in deci ble s of the 
sounds produced by operational plants and what the acceptable limit s are . 
This and other information we have req ues ted should appear in the Summary 
as well as the body of the EIS since the decisionmaker may make a 
selection based on information presented in the Summary . 

Purpose and Need , Figure 2 ,  Following Page 2 - The five alterna tive alinements 
should be indicated on this figure so the reader can see the aqueduct 
alinements relative to the location of potential water users . 

Alternatives Including the Agency Proposed Action,  Figure 3A , Following Page 7 
(Also Figure s l2A , l8A ,  and 24A) - Why is the. delivery pipeli ne eas t of Snyder 

Hill pumping plant to the City of Tucson water treatment facility shown as 
part of Tucson Aqueduct Phase B ?  It i s  a distribution line from the 
aqueduct . Als o ,  will the Snyder Hill pumping plant be used for pumping 
water to the aqueduct ' s  terminus on the San Xavier Indian Reservation or 
for pumping water to the Tucson water treatment facility? If it will be 
used only for the latter,  it should be omitted from planning and 
construction costs of Tucson Aqueduct Phase B ,  and instead , be considered 
as part of the distribution system to the eas t  side of the valley whose 
cost is to be paid by those water users who will take delivery . Thi s has 
been the case with other distribution systems and water use rs along the 
CAP . 

Please indicate the proposed turnout locations for Avra Valley water 
users and water nos .  2 ,  3 ,  and 5 indicated on Figure 2 .  Als o ,  the Schuk 
Toak Indian delivery line does not agree with the Schuk Toak Indians 
location on Figure 2 .  

F igure l2A , Following Page 11 ( also Figures l8A and 24A) - Why is part of the 
Avra Valley Irrigation Di stric t ' s  dist ribution system shown as part of 
Tucson Aqueduct Phase B? It appears as though a decision has already been 
made to build the We st Side Plan and that deals have already been made 
with the Avra Valley Irrigation District and Tucson to deliver CAP water 
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13 

14 

15 

16 
17 
18 

19 

20 

Page 4 

to predet ermined locations . We thought the purpose of an EIS was to 
compare the environmental " costs" and "benefit s" of various viable 
alternative s ,  and that the deci sonmaker would use thi s informat ion to 
select an alterna tive . 

Page 35 , Paragraph 3 - Please provide a worst case analysis of numbers of mule 
deer , javelina , gray fox , Gila monsters , and desert tort oi ses from 
crossing the aqueduct both without mitigation and with the proposed fences 
and wildlife crossings . We believe a worst case analysis should be 
present ed to show the number of animals lost due to indirect impact s .  

Page 37 , Paragraph 3 and Page 38 , Paragraph 1 - These paragraphs cont radict 
each othe r .  On page 37 mitigation is suggested whi le on page 38 the 
mitigation measures and conservat ion plan wil l  be implemented by the 
Bureau . 

Page 37 , Paragraph 4 - Monitoring should be done but we would like to know when 
it would begin and for how long . 

Page 38 , last hal f  of Paragraph 1 - These last 2 sentences should be omitted 
from the DEI S . It i s  neither the requirement or intent of the Endangered 
Species Act , Fish and Wildli fe Coordination Act , Nationa l  Environmental 
Policy Act , or Colorado River Basin Project Act to set a spending l imit on 
wildlife mitigation measures or endangered species conse rvat ion plans , nor 
to lump both mi tigation measures and conservat ion plans into one pot and 
t rade-off one or part of one agains t the other . One of the purposes of 
the CAP i s  wildlife enhancement and we have yet to see an indication of 
thi s .  The EISs issued on the CAP have only d iscussed wildlife mitigat ion 
for projec t-caused adverse impact s .  What are project cost ceilings that 
are referred to and why were these ceilings not of concern for Granite 
Reef Aqueduct , Sal t-Gila Aqueduct , Tucson Aqueduct Phase A,  and Regulatory 
Storage DEI Ss?  

Page 39 - Will t it le to land of wildli fe movement corridors include energy , 
mineral ,  and water rights? 

Page 41 , Paragraph 1 - What would be the duration of phase two of the 
mi tigat ion? 

Page 48 , Paragraph 3 - Please indicate on the figure s where the borrow areas 
would be located . 

Page 48 , Paragraph 6 - Thi s paragraph states that the number of wildlife 
crossings would be d etermined with Fish and Wi ld life Service and Arizona 
Game and Fish Department . Thi s does not agree with the number of 
crossings dep icted in earlier tables and figures begining wi.th Figure 3 .  

Pages 47-49 , Short-term and Long-term Effect s and Associated Mitigat ion - Thi s 
section contradict s the last two sentences on page 38 because it says 
mitigation would include wildlife crosssings , modified overchutes , land 

H-1 94 



Page 5 

acquisition and establishment of wildlife movement corridor s ,  wate ring 
sites , vegetation monitoring , and monitoring of mit igat ion st ructures . 
There i s  no trade-off clause with endangered spec ies conservat ion plans . 

Figures 36 and 37 , following Page 70 - Please include a legend with thi s 
figure. 

Page 73 , Paragraph 1 - Only nat ive plants should be used in revegetation 
effort s . Executive Order 11987 also di scourages the use of non-nat ive 

level? 

Figure 39 , Following Page 80 - It would be helpful to include the proposed 
a1inement s on this figure . 

Page 102 , Paragraph 4 - Please explain what is meant by Route 5 and Sanders 
Rout e .  

Thank you for the opportunity to review thi s environmental document. 

K. Bruce e s  
Pres ident , Arizona Chapter 

The Wild life Society 
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37- 1 

37-2 

37-3 

37-4 

37-5 

37-6 

37-7 

37-8 

37-9 

37- 10 

37- 1 1  

37- 12 

Response to Comments 
The Wi l d l i fe Soc i ety ,  Ari zona Chapter 

An add i tional  a l ternat ive has been added to the f ina l  E IS  and 
wou l d  be l ocated , i n  part al ong the west bou ndary of the Saguaro 
Nati onal Monument .  See response to Comment 9- 1 .  

See response to comment 23-2 .  

On ly  the add i t i onal  2 feet of fence hei ght added to the 6 foot 
h i gh human safety fence i s  as sessed as a wi l dl i fe m i ti gat i on 
cost .  

The aqueduct from the proposed Tucson water treatment p l ant to 
the del i very po i nt i s  an i ntegral part of the Tucson Aqueduct .  
Therefore , it  i s  i ncl uded i n  the  l i ne i tems under "Ma i n  Aqueduct" 
i n  Tab l e  1 .  

Thi s  tabl e has been changed i n  accordance wi th comments rece i ved . 
I n  footnote 1 ,  the 100 year  project l i fe that i s  referenced 
rel ates to the l i fe of structural measures and benefi ts . The 50 
year  project l i fe referred to i n  other secti ons of the E IS  
rel ates to  the  repayment peri od of project . Th i s  tabl e i s  
mathemati cal ly  correct .  Add i ti onal l y ,  Tabl e  2 i s  enti tl ed 
" Summary Al ternat ive Pl ans Reg i onal Cost" , because i t  i s  meant to 
d i sp l ay costs based on a reg i onal bas i s ,  not as a cost al l ocat ion 
tabl e .  Therefore , when eval uating  a l ternat i ve p l ans , they are 
al l comparabl e  and the reader i s  not i nfl uenced by what an ent i ty 
wou l d  pay . 

The tab l es have been changed i n  the fi nal E I S .  Footnote 1 has 
been added to "Spec i a l  Status �peci es . 1I The head i ng has been 
changed to read "Spec ia l  Status Speci es Adverse Impacts After 
M i t i gati on/Conservation Measures . "  

See response to comment 3 1 -5 .  

The paragraph has been modi fi ed by de l eti on of li to suppl ement 
ground water" . 

The i nformation has been added to the fi nal  EIS  as suggested . 

F i g ure 2 has been mod i f i ed to show the a l ternat i ve routes . 

I t  has been determi ned that the Tucson Aqueduct wou l d  have two 
termi n i . One term i nu s  i s  at the Tucson del i very poi nt . The 
other i s  at P ima M i ne Road . Al l a l ternati ves are comparabl e .  
The Snyder  H i l l  pump i ng pl ant l i fts water to the Tucson del i very 
po i nt .  The d i scu s s i on i n  Chapter I I , a l ternati ves i ncl ud i ng  the 
Agency Proposed Act ion , has been mod i fi ed for c l ar i ficat ion . 

See response to comment 3 1-5 .  
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37-13  

37 - 14 

37 - 15  

37-16 

37-17 

37-18 

37 - 19  

37 -20 

37-21  

37-22 

37-23 

37 -24 

37 -25 

The term " suggested " has  been del eted . 

See response to comment 22- 1 .  

The paragraph has been mod i f i ed a s  suggested . 

Yes , the ti tl e to l and of the wi l d l i fe corri dor wi l l  i ncl ude 
energy , mi neral , and water ri ghts . 

Phase two of the mi ti gation wi l l  conti nue as l ong as necessary to 
determi ne success of mi t i gation . 

No borrow areas have yet been i dent i f i ed .  To the extent 
poss i b l e ,  materi a l s from excavat ion of the aqueduct and pump i ng 
pl ants wi l l  be u sed to bu i l d  the d i kes . 

See response to comment 18-7 . The f i gures have a l so been 
mod i f i ed i n  the f i nal  E I S .  

We concur .  The l ast two sentences have been del eted i n  the fi nal 
E I S . 

Legends have been added to these f i gures . 

See response to Comment 20-9 . 

The max imum d i ke hei ght vari es from one area to another rang i ng 
from 8 feet to 15  feet . The d i ke wi th the 15  feet hei ght i s  
south of Avra Val l ey Road and upstream of the Twi n  Peaks Pump i ng 
Pl ant . The majori ty of the di kes wi l l  be i n  the 3 to 10 foot 
he i gh t  range . 

The f i gure has been mod i f i ed to i ncl ude a l l routes . 

The paragraph has been corrected . Route 5 s hou l d  have been East 
Si de Pl an and Sanders shou l d  have been Sandari o .  
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'L�' ���(\ Rc�O!'! DEPARTMENT OF WATER RESOURCES 

99 E. Virginia Avenue, Phoenix, Arizona 85004 
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� --- Gil. 
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'VY:I 1nI\I&I' 10 � 
--/�.fl.. 

Mr . Wi l liam Rinne 
Regional Environmental Officer 
Lower Colorado Reg ion 
U . S .  Bureau of Reclamation 
P . O .  Box 4 2 7 
Boulder City , Nevada 8 9 0 0 5  

Dear Mr .  Rinne : 

February 2 0 , 1 9 8  5 'M 

The Department o f  Water Resources offer s the fol lowing 
comments and observations on the draft Environmental Impact 
Statement , Tuc son Aqueduct - Phase B :  

1 .  Page 3 4  - la st paragraph - This paragraph 
discusses the updated impact on vegetation down stream 
from the aqueduct . S ince some reaches of the Granite 1 Reef Aqueduct have been in place s ince 1 9 7 9  it would 
seem that re ference to impacts on vegetation at 
se lected locations along the se reaches could be u sed 
to veri fy this assumpt ion . 

2 .  Page 5 1  - Ground Water - The numbers shown for 
groundwater overdraft in the Upper Santa Cru z  and Avra 
Valley bas ins have been revised by the Department . 2 Recent hydrologic studies show that by 1 9 7 9  the combined 
overdraft in both bas ins totals 1 9 0 , 0 0 0  acre-feet . 
Additionally , there are 1 9 8 2 water leve l data avai lable 
for the Upper Santa Cruz basin and 1 9 8 3  data ava ilable 
for the Lower Santa Cruz basin . 

3 .  Page 5 2 - first paragraph - The discuss ion o f  
water leve l dec l ine should indicate that i n  recent 
year s rises in water levels have occurred in selected 
locations in the study area . 

Think Conservation! 
Office of Director 255-1 554 

Administration 255· 1 550, Water Resources and Flood Control Planning 255· 1 566, Dam Safety 255· 1 54 1 ,  

Flood Warning Office 255· 1 548, Water Rights Administration 255· 1 58 1 ,  Hydrology 255· 1 586. 
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Wi l liam Rinne 
February 2 0 , 1 9 8 5  
Page Two 

4 .  Page 5 2  - Subsection b - Water Qual ity - The 
discussion on water qual ity should be expanded to 
discuss TCE contamination and the nitrate and sulfate 
problems in the study area . The mine tai ling areas 
on the Upper Santa Cruz ba sin have caused a sulfate 
problem to occur . TCE contamination is occurring 
further downstream near the Tuc son Metropol itan area . 
Concentrations o f  nitrates near Marana in the Avra 
BaIley bas in i s  a continuing problem . 

5 .  Figure 3 4  - information outdated - needs to 
be replaced with contemporary data . 

, 6 .  Page 8 5  - fourth paragraph - should address 
sulfate , nitrate and TCE problems . 

7 .  Page 8 5  - last paragraph - USGS and the Depart-
ment have developed separate models . Department 
results have been publi shed and are available . 

I hope that the above comments will be helpful . Overall 
the statement adequate ly addres se s  the environmental i s s ues 
involved . 

WES : pj 

Sincerely , 

Wes le 
Dire 
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Response to Comments 
State of Ari zona 

Department of Water Resources 

38-1 The assumpt ion has been veri f i ed and "mays " have been changed to 
"wi l l s " .  

38-2 The suggested changes have been made i n  the f i nal  E l S .  

38-3 We cons i dered updat i ng F i gure 47 but deci ded aga i nst do i ng thi s .  
We fel t  that i t  was important to be cons i stent wi th the Tucson 
Phase A E l S  wh i ch a l so conta i ns th i s  fi gure . Al so , F i gure 47 
st i l l  g i ves a good i nd ication of the range of groundwater depths 
wh i ch can be expected to be encountered i n  the study area . The 
extens i ve effort to update the f i gure w i th new data wou l d  not 
s i gn i f i cantly impact any di scuss i on ,  concl u s ion , or deci s i on i n  
the Tucson Phase B E l S .  

38-4 These paragraphs have been modi f i ed as suggested . 

. ' 
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39 OFfICIAL AlE COPY u.r.!:'ruu of Recta.Uan DEPARTMENT OF THE ARMY 
LOS ANGELES DISTRICT, CORPS OF ENGINEERS 

P.O. BOX 2711 Colorado ft. .!-. 

LOS ANGELES, CALIFORNIA tD053-2325 REC8YEO FEB 27 1985 A February 15 , 1985 

REPLY TO 
ATTENTION OF: 

SPLPD-RP 

Regional Environmental Officer 
Lower Colorado Region 
U. S .  Bureau of Reclamat ion 
Box 4 27 
Boulder City, Nevada 8 9005 

Dear Si r :  

AcIIaIt 
AIIIDft 'MM ...... 

GIlt IIIIIIII To 

ISO 

... 

This is in response to a not ice from your office , dated December 
which requested review and comments on the Draft Environmental Impact 
Statement (EIS) for the Tucson Aqueduct Phase B proj ect , a Feature of 
Central Arizona Proj ect.  

18 , 1984 , 

the 

The proposed plan does not conflict with existing or authorized plans of 
the Corps of Engineer s .  We concur wit h  your determination that the proposed 
action would be covered under a Nationwide Permit pursuant to Sect ion 404 of 
the Clean Water Act .  If , however ,  the Thornbur' s fishhook cactus (Mammillaria 
thornberi) , a species proposed for listing as threatened , and/or the Tumamoc 
globe-berry ( Tumamoca macdouga1ii )  a species expected t o  b e  proposed as 
endangered in the near future , becomes listed pursuant to the Endangered 
Species Act of 1973 (as amended) , the Nationwide Permit may no longer apply . 

Thank you for the opportunity to review and comment on t his document • 

. \\ 
Sincerely , 

� /21 i7(.).� 
Car 1 F .  Enson I' 
Chief , Planning Divis ion 
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Responses to Comments 
Department of the Army 

Los Ange l es D i strict 
Corps of Eng i neers 

39-1 Formal consu l tation wi th the FWS Endangered Spec i es Offi ce wi l l  
determi ne i f  the sel ected p l an wi l l  j eopard i ze the cont inued 
ex i stence of any l i sted spec i es and wi l l  devel op reasonab l e  and 
prudent a l ternati ves to prevent a jeopardy if s uch a l ternati ves 
ex i st .  I f  no reasonab l e  and prudent a l ternat i ves are avai l ab l e ,  
Federa l l aw cou l d  prevent the action from occurri n g .  We recogn i ze 
that the Nati onwi de Permit  pursuant to Secti on 404 of the C l ean 
Water Act i s  val i d  as l ong as the project does not jeopard i ze any 
threatened or endangered spec i es . 
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BRUCE BABBITT, Gov('rnor 40 - . . � ommISSlOn,rs: 
FRANCES W, WERNER. Tucson. Chairman 
CURTIS A. JENNINGS. Scottsdale •� . '  f'j MONTGOMERY. Flagstaff 

";;, BAKER. Elgin 
Y D. ADAMS. Bullhead City 

Dirutor 
BUD BRISTOW ARIZONA GAME & FISj:l-DEPAR--niiNT 
AssistQnt Dirutor. S"vic('s 
ROGER J, GRUENEWALD 

.2.2.2.2 W�� &?-L � -Atr c:f5afIB' � AssistQnt DiT('ctor. Opf'rQtions 
DUANE L. SHROUFE 

Mr . Edward M .  Hal l enbeck , 
Bureau o f  Reclama t i on 
A r i z ona P ro j ects O f f i ce 
2 3 6 36 North 7 th S treet 
P .  O .  Box 9 9 8 0  
Phoeni x ,  A r i zona 8 5 0 6 8  

Dear Mr . Hallenbeck : 

F ebruary 1 4 ,  1 98 5  

��() � 
Project Manager 

- - , - "  , " . " 
i " � ' -- --- - I-- -' . - - .. - t 

; .. - �".". - --. .1:----'- ---I 
RE : Dra ft EI�f���qll;dU;� 

P hase B 

A,' T he A r i zona Game and F i sh Department has revi ewed the above-
,., referenced document and the fol lowing comments are prov i ded . 

I n  general ,  we found the do cument ' s  des cr i pt i on o f  the 
p ro j ect a rea ' s b i o t i c  resource s , as wel l  as the project ' s  
subsequent impac t s  to wildl i fe and w i l dl i fe hab i tat , to be 
adequate . In relat i on to the mi t i gat i on package proposed , we 1 take except i on to the sugges t i on tha t complete b i o lo g i ca l  
mi t i gat i on may not b e  p o s s i ble , due �o ant i c i pated c o s t  whi ch may 
be requ i red in order to comply w i th the Endangered S pec i e s  Act .  

We would remi nd you , the Central A r i zona P ro j ec t ' s  prev i ou s  
mi t i ga t i on goals set b y  your agency have been de s i gned t o  be 
open-ended and to compensate at the 100%  leve l .  Our Department 
feel s  compensat ion of wildl i fe resource losses should not be 
cons i dered unj us t i f i ed solely on the bas i s  of monetary bene fi ts . 

Furthermo re , we w i sh to note that the Endangered S pe c i es Act 
o f  1 97 3 ,  a s  amended , spe c i f i cally autho r i zes land acqu i s i t i on 
under Sect i on 5 .  Sect i on 5 ( 6 ) Acqui s i t i ons , states ; "Funds made 
avai lable pursuant to the Land and Water Conservat i on F und Act o f  
1 9 6 5 , as amended , may b e  used for the purpose o f  acqu i r i ng land s , 
waters or i ntere sts therein under subs e ct i on ( a )  o f  thi s 
s e c t i on" . 

We do , however ,  support the mi t i ga t i on measures presented i n  
the DE IS and w e  a r e  o f  the o p i n i on that the mi t i gat i on a c t i ons 
w i l l  s i gn i f i cantly ame l i orate the impacts of the pro j e c t  to 
w i l d l i fe populati ons in the pro j e ct area . 
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Mr . E dward M .  Hallenbeck 
Fe bruary 1 4 ,  1985 
P age - 2 -

Regard i ng the proposed acti on and the al terna t i ves prov i ded , 
our Department cons i ders the closed p i pel i ne rou tes as preferable 
to the Wes t  S i de P lan . 

Spec i f i c  comments regard i ng the DEIS are attached to th i s  
correspondence . Should you have any que s t i ons regar d i ng our 
rev i ew , please contact James E .  Burton of our Phoen i x  
Headquarters • 

BB : JEB : lea 

. Z� 
Bud B r i s tow 
D i rector 

cc : Mr . Gi l bert Metz , F i e l d  Supervi s or 
U . S .  F i sh and W i l dl i fe S ervi c e  
Phoen i x , A r i zona 
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Draft EIS -Tucson Aqueduct Phase B 

Spe c i f i c  Comments 

We suggest that a summary table comb i n i ng the informat i on 
located i n  Tables 1 , 2 , 4 , 7 , 9 , 1 2 , 1 4 , 1 5 , 1 6 , 1 7 and 1 8  be included i n  
the DEIS . The current arrangement o f  tables makes i t  excee d i ngly 
d i ff i cult to compare the al terna t i ve s . 

The summary sec t i on of the document re i terates po ints  wh i ch 
we cons i der errors i n  the ma i n  text of the document . We 
recommend that the summary be rewr i tten to re flect corr e c t i ons i n  
the DE IS . W e  have the following spec i f i c  comments rela t i ve to 
the summary : 

The plants that are proposed , and cand i date spe c i e s  for 
Federal l i s t i ng a s  threa tened or endangered , are no t 
" spec ial status" i n  the same sense as Harr i s  hawk , desert 
torto i se , k i t  fox and G i la mons ter . A s  already stated , a 
clar i f i ca t i on i s  needed concern i ng the use of the phrase 
" spec ial s tatus " . Regardle s s , any spec i es protec ted by 
the F ederal Endangered S pec i e s  A c t  may not be mi t i gated 
for i n  the same manner as other spec i e s . 

4 

We have the fol low i ng comments and suggested changes for 
Cha p ter I I , A l terna t i ves of the DE IS . E . l . Wes t  s i de mod i f i ca t i on � 
- S anders Road : 

We recommend that the S andar i o  and the Sandar i o-S an 
J oaquin alternati ves be evalua ted u s ing Sanders Road as 
the route for the bur i ed p ipel i ne port i on rather than 
Sanda r i o  Road . 

I t  i s  the understan d i ng of th i s  Department that commun i ty 
support i s  present for cons i de�t i on of a Sanders Road 
a l i nement , and that Saguaro Nati onal Monument has 
s i gn i f i cant concerns about any a l i nement through U . S .  Park 
S ervi ce land s . We do not agree wi th the rej ect i on of a 
Sanders Road a l ternat i ve because i t  i s  " • • •  less  cost 
effe c t i ve than the Wes t  S i de P lan . "  

T he S anders Road al terna t i ve i s  $ 37 4 , 68 5  in total co s t , 
compared to $ 3 60 , 727 for the preferred Wes t  S i de P lan . 
A lthough i t  i s  more expensi ve than the Wes t  S i de P lan , 
Sanders Road i s  les s expens i ve i n  terms of cap i ta l  cost  
than the S andar i o  R oad a l terna t i ve ( $ 376 , 4 1 3 )  or the 
Sandar i o  - San Joaqu i n  al terna t i ve ( $ 4 2 1 , 79 7 ) ;  therefore , 
rej e c t i ng S anders Road due to exce s s i ve cost does not 
agree w i th the informat i on presented i n  Tab les 2 and 17 i n  
the DE IS . 
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S pe c i f i c  Comments 
Draft E IS -Tucson A queduc t P hase B 
Page -2-

T able 2 ,  on page 3 o f  the summary , g i ves a total cap i ta l  
cost  for the Wes t  S i de P lan ( proposed ) a s  $ 34 6 , 68 1 . Table 
17 , on page 25 o f  Chapter I I , l i sts cap i tal cost at 
$ 36 0 , 72 7  for the P roposed P lan .  Whi ch is  the correct 
e s t imate? 

The fo l l owing comments perta i n  to Chapter I I I , A ffected 
Envi ronment : 

The head i ng "Spe c i al S tatus Spec i es " , on page 3 3 , has 
comb i ned spec i e s  whi ch requ i re a c t i on under the Endangered 
Spec i e s  Act and spe c i e s  that are o f  intere s t  or 
s i gn i f i cance , but lack a legal manda te for protect i on or 
spec i f i c  act i on .  We s trongly urge the Bureau to d i v i de 
"Spec i a l  S tatus Spec i e s "  i nto two separate head ings ; ( A ) 
F ederal threatened , endangered and cand i date spec i e s , and 
( B )  A r i zona threaten�d and uni que species and other 
Spec i a l  S tatus Spec i es . A d i v i s i on wi th i n  the text is the 
most d i rect way to d i fferen t i a te be tween mi t i gat i on 
measures for b i olog i cal impacts and compensat i on measures 
for federally protected speci e s , as requi red by the 
E ndangered Spec i es A c t .  

On page 3 3 , the second paragraph under "Spec i al S tatus 
Spe c i e s "  does not l i st what sp e c i es mi ght occur in the 
pro j ec t  area . We sugges t  the spec i e s  be l i s ted and a 
short paragraph summar i z ing the A r i zona Game and F i sh 
Department assessment of impac ts to those spec i es , due to 
the pro j ect , be i ncluded . 

On page 35 , the d i scuss i on concerni ng d i v i s i on o f  overland 
flows and the impac ts to F lora and Fauna unders tates the 
potent i a l  impac t  to vegeta t i on in the Upper S onoran desert 
paloverde-mi xed cacti vegeta t i on type . Any a l tera t i on in 
the on- s i te ava i lab i l i ty o f  water may have an extreme 
adverse impact to the cactus c ommuni t i e s  and those 
w i l d l i fe spe c i es dependent upon them . We recommend tha t 
i n  the Upper Sonoran vegeta t i on types that overland flow 
be d i srupted as l i ttle as poss i b l e . Overchutes and 
underchu tes s hould be i ncorporated i nto the pro j ec t  
des i gn ,  at a l l  poss i b le loca t i ons , t o  mi nimi ze the i mpact 
to the vegetat ion . 

The f i r s t  paragraph on page 38 should be dele ted from the 
s entence whi ch begins "However ,  i f  formal consul tati on 
w i th the FWS • • •  " to the end o f  the paragraph . 

F i gures 36 and 37 do not have a key , a scale , or a north 
arrow . 
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Spec i f i c  Comments 
Draft E IS -Tucson Aqueduct Phase B 
Page - 3 -

The descr i p t i on of revege tat i on measures , o n  page 7 3 , does 
not ment i on the use of na t i ve plant mater ials  or the 
salvage and on- s i te transplant of larger plants . We 
recommend that a l l  measures be taken to revegetate to as 11 
close a prox imi ty to pre- proj ect cond i t i ons as pos s i ble , 
parti cularly i n  the paloverde-mi xed cacti  vegeta t i on 
type . Thi s Department i s  interes ted i n  the development of 
a reve getat i on plan for Phase B o f  the Tucson Aqueduct and 
wou ld l i ke to be inc luded as an i nterested agency . 
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Response to Comments 
Ari zona Game and F i sh  Deapartment 

40-1 We concur .  The d i scu s s i on regard i ng a pos s i b l e  trade-off between 
mi t i gation and project cost ce i l i ngs  has been del eted . 

40-2 Your  preference for cl osed pi pe l i ne routes  has been noted and 
the comment i s  ava i l ab l e  to dec i s i onmakers . 

40-3 The dec i s i on was made to i ncl ude the phys i cal  featu res data i n  
the d i scu s s i on of each a l ternat ive route . To put that 
i nformati on for a l l a l ternati ves i n  one tab l e  wou l d  have requ i red 
the reader to turn back-and-forth between the tabl e and the 
di scuss ion . We fel t  th i s  was a greater nu i sance than the present 
styl e used . 

40-4 See response to comment 29-1 .  

40-5 See response to comment 9-1 .  Al l d i scuss i ons and tab l e s  have 
been rev i sed to i ncl ude Sanders - San Joaq u i n  Mod i f i cat ion Pl an . 
Al l costs have a l so been rev i1sed . 

40-6 See response to comment 29-1 .  

40-7 The paragraph has been mod i f i ed i n  response to your comment . 

40-8 The word i ng  " probably" , "may" , etc . , has been changed to "wi l l "  
to emphas i ze these i mpacts . Add i ti onal overchutes  have been 
added to m i n i mize d i s rupti on of natu ra l  dra i nage patterns . The 
proposed method for prov i di ng cross dra i nage faci l i ti es i s  to 
deta i n  the fl ows and outl et i nto the channe l s downstream at a 
capac i ty that wi l l  not exceed the fl ow that cou l d  be expected 
from the 6 -hour 100-year genera l storm or the 3-hour thunderstorm 
wh ich ever i s  greater .  In areas where i t  i s  not practi cal to 
di ke ,  the fl ows are carri ed across  the canal  unchanged . The 
outl et of al l structures are provi ded wi th energy d i s s i pators to 
s l ow the water to the nonscouri ng vel oc i t ies and spread to sheet 
fl ow where channel s are not defi ned . 

40-9 We concur .  See response to comment 40-1 .  

40-10 

40-1 1  

These fi gu res  have been rev i sed i n  the f i nal E I S .  

See response to comment 20-9 .  

H -2 1O 



�/ --. - 41 -=r",��� �i ?l= .. i 
OFP 'I ' r  r i 'CA': -.' • *.1 . . '  � � 

u.s n� · , ·" , n --: 
United States Department of the I f1 ... ��r '·· � �- . nl:l'oV t. . .  MAR "I 1985 

OFFICE OF THE D I RECTOR 

Memorandum 
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To : Commissioner , Bureau of Reclamation 

From: Directo r ,  Bureau of Mines 
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Actlon __ _ 
Adl"" Taken 

;"; . 

S ubj ect : Draft envi ronmental statement , Tucson Aqueduc t Phase B ,  Central 
Arizona Proj e ct (DES 8 4-6 8 )  

Known and potential mineral resources and mineral-production operations in the 
proj ect area are discussed adequate ly ,  but the analys i s  of mineral-related im
pact s should be clarified . According to the s tatement ( page 8 9 ) , "There could 
be a conflict be tween proj ect construct ion and future mine expansion • • •  " at 
three large copper mines near the south end of the proposed aqueduct . Thi s  
brief s tatement i s  inadequate ;  a discussion should b e  provided to describe the 
extent , duration , and magnitude of impacts on the operat ing mines and to address 
measures to mit igate potent ial impact s .  

Also on page 89 i t  is s tated. that , "Mining woul d no t be pe rmitted in the aqueduc t 
right-of-way , but d evelopment of mineral deposits adj acent to the aqueduct would 
be pos s ible . "  Howeve r ,  the s tatement regarding Short Term and Long Term Effects 
( page 93) concludes that , " Commercial mineral deposi t s  • • •  beneath the proposed 
West S ide alinement could become uneconomic to develop • • •  " and s eems an 
unders tatement by comparison. Given the "goodllpotential for mineral development "  
along parts o f  the proposed and alternate aqueduct .. corridors ( page 89) , presumably 
for large porphyry copper depos it s , a mineral surv�y should be conducted to 
ensure that valuable mineral deposits do not lie wi thin the proj e ct right-of-way . 
If such a s tudy has been made , the results should be noted in the final statement ; 
pre sently the draft provides no indication of what minerals might be expected 
to o ccur . 

Thank you for the opportunity to review this draft statement . 

Act iI'.g Director 
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Responses to Comments 
USD I , Bureau of Mi nes 

41 -1 Al though our i mpact statement i denti fi es that there cou l d  be a 
confl i ct between project construct i on and copper mine  expans i ons , 
a c l ari fi cat i on of mi neral -rel ated i mpacts to the southern end of 
the proposed aqueduct can be answered by cons  i deri ng  the extent , 
durat ion , and magn i tude of mi n i ng and whether the mi nes are i n  
operation . The area i mpacted cou l d  cover about 6 mi l es o f  the 
al i nement .  Th i s  area i s  approximate ly  6 mi l es north , 3 mi l es 
northeast , and 4 mi l es east of the P ima Copper Mi ne ( M i s s i on 
Un i t ) . The mi ne dump i s  about 1 . 8  mi l es from the cl osest poi nt  
to the proposed West S i de a l i nement and one ta i l i ng pond i s  
wi th i n  600 feet .  South of the B l ack  Mounta i ns the depth to 
al l uv i um averages 200 feet but exceeds 600 feet i n  the southern 
ha l f  of Secti on 2 1 , T. 16 S . , R. 13E . Therefore , any add i t i onal  
expans i on of the copper mi nes i n  th i s  area wou l d  requ i re removal 
of th i s  th i ck overbu rden . 

For a l l i ntents and purposes , a 100-year project l i fe i s  assumed . 
Commonly , concrete water cOlilveyances requ i re per iod i c  mai ntenance 
for repa i r  to extend the 1 i fe span of the cana l . So the durati on 
that wou l d  impact the "operati ng "  mi nes cou l d  range from 90 to 1 10 
years depend i ng on the fi nal a l  i nement chosen . U s i ng th i s  
du rat i on and a proposed 30 p l u s  years for the M i s s i on Un i t ( under 
cu rrent ope rati ng cond i t ions ) ,  expans i on to the north wou l d  not 
occur  unt i l about the year 20 10 . However , the Asarco M i n i ng Co . 
( owners of the M i s s i on Un i t )  have no future p l an s  to expand to 
the north ( oral commu n i cation wi th Scott Burri l l , mi n i ng 
eng i neer/geo l og i st w i th Asarco ) , wh i ch reduces the l i kel i hood 
even more that the mi nera l  resou rces , i f  present , wi l l  not be 
requ i red for the l i fe of the aqueduct project . 

The magn i tude of i mpacts on the "operating"  mi nes i s  hard to 
assess  because of the poor econom i c  state the copper mi nes are 
confronted wi th at th i s  t ime .  But w i th the present l ocation of 
the proposed West S i de a l i nement , copper mi nes can expand 2 . 5  to 
4 mi  1 es to the north wi thout i nfri ngi ng  on the a l i nement 
r i ght-of-way . Once aga i n , expans i on to the north wou l d  requ i re 
the remova l of the normal ly  excess ive overburden . 

41 -2 The statement on page 89 of the Draft E I S  has been changed to 
read "Mi n i ng  wou l d  not be permi tted i n  the aqueduct ri ght-of-way , 
but deve l opment of mi nera 1 depos i  ts adjacent to the ri  ght-of-way , 
not the aqueduct , wou l d  be poss i b l e" . I f  commerc i a l mi nera l  
depos i ts exi st beneath the  proposed West S i de a l i nement , these 
cou l d  become uneconomic  to devel op due to the excess i ve 
th i cknesses of a l l uv i um Even so , wi th the pos s i bi l i ty for 
val uab l e  mi nera l  deposi ts wi th i n  the p roject ri ght-of-way , 
add i t i onal  stud i es were con s i dered to cl ari fy th i s  prob l em .  In  
December 1983 , a request from the Bureau of Recl amat i on to the 
Ari zona Bureau of Geol ogy and Mi nera l Technol ogy in Tucson asked 
th i s  agency to address the m i neral depo s i ts perti nent to the 
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Tucson Aqueduct-Phase B Envi ronmental Impact Statement . The i r  reply 
ma i n ly  addres sed the presence of bedrock shou l ders on  the west s i de 
of the Tucson Mounta i n s  but a l so stated that much of th i s  area 
al though  "mi nera l  i n  character" , i s  l ocated on l ands protected by 
the Saguaro Nati onal Monument and the Tucson Mountai n County Park . 
Th i s  l atter statement i s  properly addres sed i n  the Phase B E I S .  
They a l so cons i dered the resource potenti a l  associ ated wi th the 
surface to near surface "a l l u v i a l materi al s" . Cu rrently , cormnerc ia l  
sou rces of sand and gravel are confi ned to the r i ver  sou rces , wh i ch 
are readi ly access i b l e .  As these sources are depl eted , these sand 
and aggregate compan i es may dec i de to eva l uate the coarse deposi ts 
adjacent to the topograph i c  mounta i n  fronts . However ,  as more and 
more l and i s  devel oped for res i dent i a l  setti ngs , these potent ia l  
depos i ts become i nacces s i b l e .  Th i s  probl em was thorough ly di scussed 
by the Ari zona Bu reau of Mi nes in the December 1973 i s sue of F ie l d 
Notes . Based upon th i s  di scu s s i on we have concl uded that the 
potent ia l  recovery of these mi neral sources to be essent i a l ly 
impracti cal  . 
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